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Chapter One 



Introduction 

The U.S. Intelligence Community needs to augment its primary focus on po- 
litical and military dimensions to address the potential for strategic surprise 
due to the changing nature of business, industry, and national competitive- 
ness in a global economy. The Council on Competitiveness, a nonpartisan, 
nongovernmental organization of American chief executive officers, uni- 
versity presidents, and labor leaders, highlights the complex nature of these 
changes (see box).l 

Lens of Competitiveness 

A rising standard of living for all Americans is not guaranteed. The United States 
now operates in a truly global economy: 

• Companies are outsourcing and spreading their value chains globally 

• Hundreds of nations are trading tens of trillions of dollars daily in the 
financial markets 

• Strong markets and talent pools have emerged in the developing world 

• Businesses and governments operate across highly integrated regional 
economies 

• Vast communications networks allow for immediate global connectivity 
and information transfer and also create unprecedented vulnerabilities 

• New risks, such as competition for natural resources, climate change 
and terrorism, now affect the competitiveness of countries, companies, 
and communities 

Whether our citizens and businesses will thrive in the new global economy de- 
pends largely on our ability to understand and act upon these prevailing forces of 
change and attract high-value economic activity to regions across America. 

Source: Council on Competitiveness, www.compete.org. 
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The opening observations from the Council on Competitiveness highlight 
the major strategic shifts in a global economy and their importance to our 
country. The developing economies of the world are driving these shifts, and 
their industrial capability is a major component of their success. Analyzing an 
industry in another country or region of the world can yield strategic insights 
about a nation’s capabilities and strategic intent. 

While the U.S. Intelligence Community is aware of the discussion, as evi- 
denced in the 2009 National Intelligence Strategy, it still needs to pay closer 
attention to the strategic implications of these changes. In particular, intel- 
ligence analysts must be able to gauge the global competitiveness of other 
nations in order to ensure that this dimension is a consideration in strategic 
assessments. 

A key indicator of competitiveness is industrial capability. A nation’s indus- 
trial capability is an economic engine, producing jobs, growth, and ultimately 
prosperity. Developed and developing nations realize this and want to build 
an industrial engine to reap the benefits. Relatively recent advances in in- 
formation technology that produce unprecedented amounts of open-source 
information help these nations.^ Business strategists and competitive intel- 
ligence professionals use many analysis tools to mine the plethora of open 
sources — to understand the plans and intentions of other firms and the global 
market — so that they can achieve a competitive advantage. 

Although the Intelligence Community is not collecting information on in- 
dividual businesses, it is interested in national- or regional-level plans and 
aspirations. To shed light on sometimes-opaque economic plans and strategic 
intentions, the all-source intelligence analyst can use open-source data, indus- 
try analysis tools, and a nation’s interest in growing its economy. 

In short, a nation’s policy and investment decisions to grow and sustain its 
industrial capability are visible through their interactions with industry. The 
thesis of this book is that an all-source intelligence analyst can employ the 
analysis tools of business strategists and competitive intelligence profession- 
als to develop strategic intelligence insights regarding a nation’s plans and 
intentions. 
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Organization of Discussion 

To support the thesis and intelligence focus of this book, the remaining 
chapters of this book are all oriented toward the all-source analyst. The book 
consists of four chapters. This first chapter provides general background in- 
formation, to help orient the reader. Chapter 2 introduces industry analysis 
and proposes a methodology for application in the Intelligence Community. 
Chapter 3 describes the five steps an all-source analyst would go through to 
provide inputs for an intelligence assessment. Chapter 4 presents concluding 
discussions on the value of industry analysis to the U.S. Intelligence Com- 
munity. There are also three appendixes. Appendix A provides a template for 
one of the industry analysis models presented in Chapter 2. Appendixes B 
and C, respectively, provide a semiconductor tutorial, as well as information 
related to the semiconductor industry — of use in understanding the discus- 
sion in the main chapters. 

Background 

Before starting our discussion of industry analysis and its application, there 
are two personal observations operating in the background.^ The first is that 
globalization and its potential for strategic impact on national competitive- 
ness has not yet grabbed the full attention of the Intelligence Community. The 
second observation concerns the Intelligence Community’s grasp of other na- 
tions’ industrial capabilities; outside of leading-edge science and technology, 
defense issues, dual-use technologies, and nonproliferation, the Intelligence 
Community is largely silent. The following two subsections briefly provide 
the background for these observations. 

Globalization and National Competitiveness 

The term globalization has many definitions. Suzanne Berger, in her book 
How We Compete: What Companies around the World Are Doing to Make It in 
Today’s Global Economy, describes globalization as “the acceleration of the pro- 
cesses in the international economy and in domestic economies that operate 
toward unifying world markets.”'^ These changes and the domestic concerns 
they cause are not unprecedented. There was an earlier period bracketing the 
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turn of the nineteenth century that also saw the same levels of capital mobil- 
ity, trade, and immigration among countries. This early period of globaliza- 
tion was broken by World War I, and it was not until the 1980s that the 
world economy returned to the same high levels of capital mobility, foreign 
direct investment, and trade. An important point regarding the end of this 
earlier period of globalization is that nations were largely able to shut off their 
ties to the outside world (from the 1920s through the 1980s) and continue 
economic growth. 

Role of the Intelligence Community: 1950s to 1980s 

A look at the history of the Intelligence Community, specifically foreign 
economic intelligence during the Cold War, reveals that one of the stated 
purposes, “To assist in divining the intentions of potential enemies in the 
conviction that how they act in the economic sphere is likely to reveal 
intentions,” generated a lot of support for industry-sector analysis. ^ 

This initial interest in industry-sector analysis in the early years of the Cold 
War was also due to a sense among policymakers that the Soviet Union could 
possibly outperform the United States economically and militarily.^ To ad- 
dress this concern, the Central Intelligence Agency devoted considerable 
analytical resources to industry studies. These studies of selected sectors are 
characterized as assessing 

the strengths, weaknesses, and prospects of these sectors in 
detail and on a continuing basis. These studies generally 
had a special focus on the technological level of the given 
industry. They supported not only intelligence objectives 
but, as contributions to publications of the Joint Economic 
Committee of Congress, contributed to the general pool of 
knowledge on the Soviet economy.^ 

These analyses focused on vulnerabilities in the Soviet economy and, espe- 
cially, areas where progress could hamper their economic development. As 
the Cold War progressed, increasing emphasis on international and military 
topics resulted in the transfer of analyst resources away from Soviet economic 
performance and specific industry-sector analysis of the Soviet Union. ^ 
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While it is clear that globalization and the practice of industry analysis by 
the Intelligence Community are not unprecedented, what has been the role 
of the Intelligence Community in more recent experience? Michael L. Der- 
touzos, Richard K. Lester, and Robert M. Solow, a group of MIT researchers, 
made this prediction in their 1989 book. Made in America: 

To live well, a nation must produce well. In recent years 
many observers have charged that American industry is not 
producing as well as it ought to produce, or as well as it used 
to produce, or as well as the industries of some other nations 
have learned to produce. If the charges are true and if the 
trend cannot be reversed, then sooner or later, the American 
standard of living must pay the penalty.^ 

Mark Lowenthal describes the corresponding debate in the Intelligence Com- 
munity at that time: 

During the late 1980s some people maintained that several 
of these issues (overseas competitiveness, trading relations, 
foreign economic espionage, industrial espionage under- 
taken by businesses, and possible countermeasures) could 
be addressed, in part, through a closer connection between 
intelligence and U.S. businesses [emphasis in original]. 

Few advocates of closer intelligence-business collaboration, 
however, had substantial answers for some of the more com- 
pelling questions that it raised (which is one reason that this 
approach was quickly rejected). 

This description is the most up-to-date open-source assessment of the Intel- 
ligence Community’s consideration of industry analysis. In 2006, Suzanne 
Berger, who was a major contributor to the work of Dertouzos et ah, the 
MIT group that provided important observations and prescriptions in Made 
in America, released the book How We Compete. In it, Berger observed that 
all of the industry prescriptions they had made in 1989 had become the basic 
operating code of American companies. But Berger also said, “[Ajmong our 
greatest concerns today is one that was not on the list in the 1980s — how 
to make good companies and good jobs stick in the United States.” She 
further observed: 
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Then, our challenge seemed to be import penetration. Today, 
the fragmentation of the system of production has changed 
the problem. Now it’s the prospect that the resources avail- 
able to companies abroad — and well-educated and lower 
cost workers are one of the main attractions — will induce 
businesses to shift their activities abroad. 

Globalization is upon us, and, unlike the early twentieth century, nations 
cannot “turn it ofF’ and build or sustain industrial capability. 

Moving the Intelligence Community Out of Its Comfort Zone 

The Intelligence Community’s internal discussions in the 1980s about shar- 
ing intelligence with business to foster our national competitiveness should 
not be confused with what is being advocated here — the development of stra- 
tegic intelligence insights from understanding the development of industrial 
capability in other nations and the consideration of these strategic insights in 
producing intelligence products for our national policymakers. Although glo- 
balization is all around us, the National Intelligence Strategy fails to push the 
Intelligence Community out of the traditional political-military sphere. As 
Fareed Zakaria observes of America’s traditional perspective, “At the political- 
military level, we remain in a single-superpower world. But in every other 
dimension — industrial, financial, educational, social, cultural — the distribu- 
tion of power is shifting, moving away from American dominance.” 

To be fair, the Intelligence Community is not ignoring globalization; it is 
just not actively pursuing it. But a closer look at the first of its four strategic 
goals in the 2009 National Intelligence Strategy, “Enable wise national security 
policies,” could provide an avenue for collection and analysis of trends in 
globalization. In support of that goal, the Intelligence Community further 
explains it “will provide policymakers with strategic intelligence that helps 
them understand countries, regions, issues, and the potential outcomes of 
their decisions. We will also provide feedback to policymakers on the impact 
of their decisions.” 5 q, if the Intelligence Community is aware of globaliza- 
tion and one of its strategic goals could support analysis of global trends, what 
is the argument for operating outside its spheres of comfort by taking a closer 
look at other nations’ industrial capability? 
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Competing Analysis: Short-Term Crises and Long-Term Problems 

We cannot ignore that the Intelligence Community is heavily engaged in our 
nation’s current overseas military commitments. Plus, the Intelligence Com- 
munity is also charged with addressing transnational issues, such as criminal 
organizations, failed states, ungoverned spaces, the global economic crisis, 
climate change, energy competition, rapid technological change, and dis- 
semination of information.'^^ But the main question of this book is: who in 
the Intelligence Community is monitoring the industrial capabilities of other 
nations and regions, which may have a major impact on American interests 
and security? 

While the National Intelligence Council provides a forecast of economic 
changes occurring over the next 15 years, these observations are based on 
general trends forecasting major economic shifts, strategic materials, and en- 
ergy.'7 Outside of the Intelligence Community, there is already recognition 
of the need for new tools to understand and communicate the nature of 
global economic integration. Timothy Sturgeon highlights that “studies that 
rely solely on macro-level statistics such as trade and investment cannot help 
but render invisible the detailed contours of the world economy.”'^ The main 
point here is that while statistics and analysis on global economic informa- 
tion are readily available for purchase over the Internet, there is also strategic 
intelligence of interest to the Intelligence Community and policymakers in 
the “contours.” The tools and methods used by industry analysts highlighted 
in the following chapters will enable the all-source analyst to see some of the 
contours in the world economy and gain strategic intelligence insights of use 
to national policymakers. 

The opening observations from the Council on Competitiveness highlight 
the major strategic shifts in a global economy and their importance to our 
country. The developing economies of the world are driving these shifts, and 
their industrial capability is a major component of their success. Analyzing an 
industry in another country or region of the world can yield strategic insights 
about a nation’s capabilities and strategic intent. Chapter 2 introduces indus- 
try analysis and proposes a methodology for applying it in the Intelligence 
Community. 
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Chapter Two 



Industry Analysis 

There are innumerable analytical tools employed in business. Our purpose is 
to identify and employ the analytical tools that can provide strategic insights 
into a nation’s industrial capability. The industry analysis involves a detailed 
review of the external and competitive forces that influence the way an in- 
dustry develops. js what sets industry analysis apart from an all-source 

analyst simply performing a keyword search for information sources about an 
industry. The three analytical tools discussed here are widely used in business. 
They are the Porter Five Forces Model, the External Environment Model, and 
the Value Chain Model. 

Long-term background preparation for this book — and in particular selec- 
tion of these three analytical models — stems from various sources: experience 
as an acquisition offlcer in the Department of Defense; early exposure to the 
disciplines of business and industry analysis as part of preparing for a master’s 
of business administration degree; continuing professional education at the 
Industrial College of the Armed Forces (ICAF), analyzing industry sectors 
and their importance to national security, as well as learning to look beyond 
the numbers to appreciate the strategic interplay between government and 
industry; and teaching industry analysis to graduate-level students at ICAF, 
where use of the Five Forces Model and the Value Chain Model proved the 
most valuable for students to appreciate the structure of an industry, and 
where use of the External Environment Model broadened their understand- 
ing of the interaction between industry and government. The open-source 
methodology and data-collection approaches for this book resulted from that 
experience at ICAF. 

That said, the industry analysis approach introduced in this chapter and elab- 
orated on in the following chapters is easily understood and does not require 
the intelligence analyst to have a business or technical background. In fact, 
the intelligence analyst may have a head start in comprehending its applica- 
tion due to his or her training in other analysis techniques, such as the analy- 
sis of competing hypotheses. To begin our discussion of the industry analysis 
models, we will start with a brief look at the nature of a Arm or corporation. 
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Overview of the Financial Activity of a Firm 



A firm’s performance has two components — survival and profitability.^*^ The 
measure of survival is obvious, but the profitability component is measured 
by profit maximization, whereby a firm determines the price and quantity of 
output that delivers the greatest profit. Figure 2. 1 provides a top-level view of 
a firm’s financial activity. 



Firm 



Firm 
Invests 
in Assets 



Cash for securities 
issued by firm 



Financial Markets 




Cash 
Flow 

Generated 
By Firm’s 
Operations > i Taxes 



Dividends 
and Debt 
Payments 



Chartering, 
Regulation, Policy 



Government 



Figure 2.1: Financial Activity of a Firm^* 

Figure 2.1 shows that the firm (red block) generates cash by issuing stocks 
to or borrowing from financial markets (blue block). The firm uses this cash 
in developing goods or services and the resulting cash flow generated is then 
used within the firm (retained earnings), paid out to the financial community 
(stock dividends, debt repayments), and paid to the government (taxes). 

This simple model allows the reader to visualize the effects of a country’s pub- 
lic policy, financial, or market announcements that are reported regarding a 
firm or even an entire industry. For example, when a government announces 
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a 10-year exemption for the collection of any taxes from a firm that relocates 
to their country, the firm can now use more of its cash fiow, via retained 
earnings, to fund research and development, buy additional assets, or use 
it to enhance its standing with the financial community by retiring debt or 
increasing dividends. The reality is much more complex, but this basic model 
and the economic maxim of profit maximization are useful for understanding 
interactions between governments and industry. 

Academics studying business and industry economics develop models by ob- 
serving how firms organize and perform against their competitors and in the 
marketplace. As the business world changes, these academic communities 
find some insights to be timeless, while others are modified or even discarded. 
Businesses also use many of these models to analyze their competitors. The 
Strategic and Competitive Intelligence Professionals (SCIP) organization 
bridges the academic and business world and provides good sources for ex- 
ploring and discussing the methods of competitive intelligence.^^ According 
to Robert Grant’s Contemporary Strategy Analysis, one of the most compre- 
hensive industry texts, competitive intelligence has three main purposes: 

• Forecast competitors’ future strategies and decisions. 

• Predict competitors’ likely reactions to a firm’s strategic initiatives. 

• Determine how competitors’ behavior can be influenced to make it 
more favorable.^^ 

In academia and the competitive world of business, as long as the models and 
associated analytical methods are of use, they will survive — although not with- 
out some tailoring. The following discussion will describe the key elements of 
each model. This will help the all-source analyst to understand the industry 
structure to the extent that it yields, in combination with the other models, 
strategic intelligence insights regarding a nation’s plans and intentions. 

Porter Five Forces Model 

The first model carries the name of its developer, Michael Porter of Harvard 
University. Porter arguably produced the seminal text on industry analysis. 
Competitive Strategy, which describes his Five Forces Model. The model is 
meant to convey the forces acting on an industry. Our usage of the model is 
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very different from that of the business analyst who is working to understand 
competitors. For our collection purposes, the Five Forces Model provides a 
mental construct to use in reviewing and determining which data to keep for 
further analysis. For example, when reading an article, is it possible to deter- 
mine who is the buyer and who is the supplier? What is the threat of prod- 
uct substitution if prices rise too high? What are the barriers to entry to the 
industry? Can a government overcome this barrier to entry through policy 
decisions? Ffow intense is competition within the industry? Is the intensity of 
competition inviting government involvement? Today, thirty years later, the 
business community still uses this model to describe their industry and gain 
insights into how it is changing. 

In economic terms, an industry can be defined as “a group of firms produc- 
ing products that are close substitutes.”^^ The Five Forces Model, shown in 
Figure 2.2, is meant to convey the primary forces that affect the structure and 
conduct of the industry. In business, the end result of conducting industry 
analysis via the Five Forces Model is a description of the industry that the 
company will use to determine a strategy it will pursue in the future. The 
main point is that a firm does not want to pursue a strategy that is not going 
to lead to a competitive advantage. For the intelligence analyst, however, the 
end result of conducting industry analysis via the Five Forces Model is a con- 
ceptual understanding of the industry that will then aid in the collection and 
analysis of information on the industry in all of its global locations. 

Figure 2.2 shows the five forces affecting the structure and conduct of an in- 
dustry: threat of new entrants, bargaining power of buyers, bargaining power 
of suppliers, threat of substitute products or services, and rivalry among exist- 
ing competitors. 

The threat of new entrants concerns how easily a new competitor emerges from 
outside the industry. Intense price competition is one sign that it is easy for 
other firms to enter into the industry. And if it is easy for new entrants to 
appear, firms already in the industry may choose to pursue future investment 
opportunities outside of the industry. Examples of barriers to entry are large 
capital costs for plants and equipment, unique process or product technolo- 
gies, and government regulation. 
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Threat of 
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4 




t 

Threat of 
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Figure 2.2: Porter Five Forces Model^^ 



The bargaining power of the buyer or supplier is meant to capture the extent to 
which the industry determines the prices in their industry If suppliers to the 
industry hold a unique material required for an industry to continue, then 
they may temporarily hold an advantage in setting prices for the industry. 
Similarly, if the buyers of the industry product or service have a lot of power, 
they can dictate prices or demand features in the products they buy. The word 
“temporary” applies in all of these cases, as industry and business operate in 
dynamic environments. 

The threat of substitution concerns the potential for buyers to buy substitute 
products or services if the industry demands high prices or does not respond 
to buyer requirements. 

The rivalry among competitors is central to the Five Forces Model. This is the in- 
tensity of competition among firms and the characteristics of that competition. 
One obvious factor in the intensity of the rivalry is market growth (slowing, 
increasing); a not-so-obvious factor is exit costs. A company in an industry with 
intense rivalries may find few options for pursuing other ventures (including 
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exiting) due to large investments in plants and equipment (e.g., automotive 
industry, oil refining industry). Contrast this last point with the earlier dis- 
cussion on the threat of new entrants. 

In summary, the Five Forces Model captures the key factors that determine 
the profits earned by firms in an industry, the value of the product to the buy- 
er, the power of the supplier to set prices, and the intensity of competition. 

External Environment Model 

For the business analyst, the External Environment Model complements the 
Five Forces Model in support of business planning. But for our purposes, we 
will use the External Environment Model as our collection framework to gain 
strategic insights into a nation’s capabilities and strategic intent. 

The External Environment Model moves our inward-looking frame of refer- 
ence for the industry outward to the strategic level. The premise behind 
considering the external environment is simply that firms and industries 
operate in an environment that can have a large impact on their competi- 
tiveness. While the external environment has an effect on the structure and 
conduct of an industry and the firms within, the specific segments of the 
external environment for examination will vary according to the user. These 
different segments are often denoted by the acronyms applied to the External 
Environment Model in use. For example, “PEST” stands for political/legal, 
economic, social, and technological segments, while “STEEP” refers to social, 
technological, economic, ecological, and political/legal segments.^® Reflect- 
ing the increasing emphasis on “green” issues, there is also “STEER,” which 
stands for socio-cultural, technological, economic, ecological, and regulatory 
segments. The definition of the segments selected is all oriented toward 
identifying external forces or impacts on the industry. For example, referring 
to PEST, one aspect of the political/legal segment is looking for the degree to 
which government regulation directs or influences the conduct of industry. 
One element of the economic segment is the impact of the global economy 
on the domestic economy and markets. Another element of the social seg- 
ment is workforce education and skill levels, and an element of the techno- 
logical segment is the level and focus of government expenditures for research 
and development. 
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While the selection and definition of segments vary, the important point for 
our purposes is the value of having a framework to guide the collection of 
information for further analysis. And these models can be combined to make 
new models, too. For example, Fleisher developed the Nine Forces Model by 
applying STEEP/PEST factors in conjunction with the Five Forces Model 
(four PEST segments plus five forces equals nine forces). Similarly, we will 
also integrate the knowledge we gain from the Porter Five Forces Model with 
relevant external segments to form a generic overview of an industry from 
both inside and out. Figure 2.3 shows a framework displaying the segments 
and elements we will use to collect information (a step discussed later). 
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Figure 2.3: Framework for Information Collection^! 

The hexagon in the middle of the figure represents the industry environment 
and lists the forces described by the Five Forces Model. The segments ar- 
rayed around the hexagon represent the external environment that surrounds 
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an industry. The segments of this framework are not cast in stone, and one 
does not have to collect information on every element. Appendix A lists the 
segments and their constituent elements for this framework. When reading 
about an industry, the analyst should use the segments and elements, and 
include the five forces, as a template for categorizing, sorting, and saving in- 
formation. This approach is subjective, but useful, because all of the data will 
be collated and have source documentation. 

In summary, the External Environment Model, which encompasses the Five 
Forces Model, captures the key external factors that influence the profits 
earned by firms in an industry and the intensity of competition. For our 
purposes, analysts should be able to use the External Environment Model 
to form a mental picture of the industry as they perform data collection and 
analysis. It is important to clarify that, while in business, the Five Forces 
and External Environment Models provide a basis for strategic planning, we 
are focusing on identifying and understanding industry interactions with na- 
tional governments to develop strategic intelligence insights. Once analysts 
have internalized their understanding of the industry, they can then quickly 
perform the day-to-day task of reviewing industry information and extracting 
any strategic intelligence insights. 

Value Chain Model 

The final model is the Value Chain Model. This model is important because 
it identifies the fundamental activities in an industry that influence or control 
the profitability or growth of an industry. These key activities are also fre- 
quently the areas where nations exercise export controls for national-security 
or national-competitiveness reasons. 

The Value Chain Model provides a contextual framework for review and eval- 
uation of information. Are there activities that are not only key (hence are on 
the value chain), but also determine or control growth or profitability in the 
industry? For example, a country concerned about national competitiveness 
may focus its attention on those key activities that determine the growth of 
that industry. 

The Value Chain Model was introduced to the broader business community 
in the 1980s. 32 The value chain, as originally envisioned, is oriented toward 
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the firm and, in large corporations, the business unit. The example provided 
in Figure 2.4 is a visualization of the value chain discussed in Porter’s book. 
The Competitive Advantage of Nations. 
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Figure 2.4: Value Chain (© Dinesh Pratap Singh)^^ 



A firm using the Value Chain Model will lay out its major activities and then 
systematically evaluate how each activity adds value to the firm. Business ana- 
lysts understand that this analysis also includes the relative performance of 
competitors in executing those activities. This approach supports the firm’s 
strategic planning to achieve competitive advantage. 

For Porter’s purposes 30 years ago, applying the value chain to anything above 
the level of the firm (to the industry or sector level) would not shed much light 
on the unique value that the firm had in creating competitive advantage. Back 
then, the value chains of U.S. industry were primarily domestic. Multinational 
firms had overseas subsidiaries in place to deliver products from domestic U.S. 
value chains. Today, however, multinational corporations base many parts of 
the value chain, including product development and manufacturing processes. 
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in many regions and countries. Lifting the value chain to the industry level 
begins to make sense. 

For our purposes, we will exclusively focus on developing the value chain 
at the industry level. The Intelligence Community is not interested in the 
competitive advantage of individual firms; our focus is on understanding the 
structure and conduct of an industry and the strategic intelligence insights its 
interactions with other nations can provide. Fortunately, there is a body of 
work in academe that applies the Value Chain Model in describing the scope 
and scale of globalization, including how industries organize to operate in a 
global environment.^"^ For example, Timothy Sturgeon’s work recognizes that 
development of many products is now the result of global value chains. Aca- 
demicians seeking to understand the governance of such far-flung industries 
identify several difFerent types of global value chain governance (Figure 2.5). 
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Figure 2.5: Global Value Chain Governance (© Taylor & Francis Group)^^ 
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Figure 2.5 shows both vertical and horizontal integration by governance 
type. At the far left, the value chains flow “up” from materials to end use. Ar- 
ranged horizontally across the bottom is the degree of coordination required 
between activities and the degree of power asymmetry. Within the value 
chain examples, the black arrows indicate where price is the only interac- 
tion between activities in the value chain, and the solid white arrows indicate 
where information is included in the interaction. Looking at the far right, the 
integrated Arm maintains competency in all facets of that industries’ value 
chain. At the far left, the most basic value chain, the market, is a price-based 
market with multiple suppliers and customers communicating only via price. 
The models in-between show varying complex, symbiotic relationships be- 
tween suppliers and buyers within the value chain. As one moves from basic 
to more complex value chains, the development of standards and the abil- 
ity to exchange information far more complex than pricing information are 
major facilitators for the development of a global value chain. For now, these 
global value chain governance models should be kept in the background; they 
will be of more use when we select and analyze an industry. 

In summary, the Value Chain Model captures the key value-added activities 
of the industry, and the Governance Model shows the level of complexity of 
the value chain. Developing or being able to interpret the value chain for the 
industry under analysis is an important early step in understanding the indus- 
try. Internalizing an understanding of the industry value chain also contrib- 
utes to the day-to-day task of reviewing industry information and extracting 
any strategic intelligence insights. 

The Arm is the fundamental business unit, and a group of Arms that produce 
similar products are collectively referred to as an industry. This chapter has so 
far provided three basic models to help the analyst frame the scope of indus- 
try analysis. The Porter Five Forces Model helps in understanding the forces 
influencing the conduct and structure of industry via the power of the buyer 
and supplier to set prices, the threat of substitution and new entrants to the 
industry, and the intensity of the existing competition. For our purposes, the 
analyst can use the Five Forces Model to form a mental picture of the indus- 
try. The External Environment Model identifies how and to what extent Arms 
and the industries in which they reside interact with the external environ- 
ment. For our purposes, the analyst will use the External Environment Model 
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segments and elements in developing the collection plan (discussed later). 
The Value Chain Model will become central to the analyst’s understanding of 
the industry under analysis, and also provides a context for reviewing infor- 
mation regarding the industry. 
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Chapter Three 

Putting It All Together — The Five Steps 

This chapter discusses how the all-source analyst, covering a region or coun- 
try desk, includes commercial industry when tasked to provide inputs for 
an intelligence assessment. There are five steps in the process used by the 
analyst: (1) select an industry, (2) define the industry, (3) identify sources of 
information, (4) collect information, and (5) analyze results. The five steps 
are described below. 

Step 1: Select the Industry 

For the business analyst, selecting the industry for analysis is straightforward. 
For the all-source analyst, however, selecting the region or country of strategic 
interest is even more straightforward. If a nation wants to foster development 
of an industry with a view toward improving national competitiveness, its 
domestic firms must become efficient producers of that industry’s products. 
While a nation can subsidize an inefficient industry, that does not mean its 
segment of the industry will have a comparative advantage over another na- 
tion’s industrial capability for that product. For the all-source analyst, the 
policy or resource actions by a nation in fostering development in their in- 
dustrial capability are of interest for the strategic intelligence insights they 
may provide. 

Criteria for Selecting Industry 

Our selection criteria include looking for an industry that is mature, global, 
and has a large presence in the region or country we are interested in. But first, 
a couple of new terms — mature and global — require a brief explanation. 

The concept of industry maturity is sometimes shown as a stage in the life cycle 
of an industry. Using the measure of industry sales, the industry life cycle has 
the following periods: introduction, growth, maturity, and decline. Other 
industry life-cycle portrayals, using the same measure of industry sales, label 
the periods of change as fragmentation, shakeout, maturity, and decline. 
For our analysis, a mature industry is one in which the industry structure is 
stable and there is little change in the rank of leading firms. 
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A global industry is where an individual firm’s competitive position in one 
country is affected by its position in other countries, and the reverse is also 
true. 

The final criterion, a large presence in the region or country, provides a start- 
ing point in selecting and reviewing industry candidates. Potential candidates 
for industry analysis are available from reviewing the Department of Com- 
merce website for publicly released analysis on U.S. International Trade in 
Goods and Services. For this example. Department of Commerce Interna- 
tional Trade Administration (ITA) publicly released factsheets were used. 39 
A March 2009 ITA factsheet states that “capital goods” represent the largest 
U.S. export category and lists the top capital good export categories as civil- 
ian aircraft ($3.8 billion), semiconductors ($2.6 billion), industrial machines 
($2.3 billion), telecommunications equipment ($2.3 billion), and medicinal 
equipment ($2.2 billion). The United States holds a comparative advantage 
in these industries, where we are the more efficient producer of a product and 
it is to the advantage of other nations to trade with us to obtain that product 
or service. Conversely, a list of major U.S. imports would indicate where other 
nations’ industries may have a comparative advantage over U.S. industry. 

Starting with the ITA export factsheet cited earlier, an Internet search for the 
worldwide manufacturing rankings for an industry will provide a quick check 
on that industry’s presence in the region or country of interest. This Internet 
search will also provide initial leads on sources of information regarding the 
industry. 

To illustrate our analysis, the semiconductor industry will be the industry 
analysis example for the remaining steps. The semiconductor industry is a 
major export for the United States. It is a mature industry with established 
leaders, and global industry with major outsourcing of manufacturing steps, 
such that any changes that affect facilities in other countries have an effect 
throughout a firm’s operations. Other countries in the world want to advance 
in this industry, so industry analysis may yield strategic intelligence insights 
into another nation’s plans and intentions that may affect U.S. comparative 
advantage in the semiconductor industry and, by extension, U.S. national 
competitiveness. Finally, the semiconductor industry has a large presence in 
East Asia, a region of strategic intelligence interest to the United States. 
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Step 2: Define the Industry 

The starting point for the business analyst in formulating industry strategies 
and plans is to first define the industry and understand its structure. The im- 
portance of specifically identifying the industry for analysis is analogous to the 
task of the all-source analyst in clearly identifying collections requirements. 
In business, the analyst may have the subject-matter advantage of being in the 
industry, but there are still limits on the resources available for collection and 
analysis. The analyst in business may start with the six-digit North American 
Industry Classification System (NAICS) code for his or her industry and use 
it to access industry data collected by the U.S. Department of Commerce. 
While the NAICS code and Department of Commerce data are available to 
the all-source analyst as well, the ITA factsheet and Internet search results that 
the previous step provides are more germane to that analyst. 

To understand the industry under analysis, the all-source analyst has to re- 
search sources of general information on semiconductors and the industry 
Appendix B provides the results of open-source Internet research on the ba- 
sics of semiconductors and their manufacture. 

Constructing a Value Chain: Aid to Industry Definition 

One way to capture an understanding of this newfound information is to 
construct a value chain for the industry The following discussion on develop- 
ing an industry value chain is based on the information in Appendix B. 

An industry value chain is the set of interrelated activities that, taken togeth- 
er, cover the cost of providing the product or service. For the semiconduc- 
tor industry the standardization of process steps and information exchange 
between processing steps led to the globalization of the value chain for this 
mature industry The semiconductor or electronic components industry 
and the term “value chain” are mentioned frequently in academic and in- 
dustry trade journals. There are even illustrations of value chains for various 
aspects of the semiconductor industry available on the Internet. For example, 
in Figure 3.1, the Taiwan Semiconductor Industry Association 2009 Report 
outlines a semiconductor value chain to indicate the number and distribution 
of Taiwan firms comprised in its domestic semiconductor industry 
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Figure 3.1: Taiwan Semiconductor Industry, 2008 (© Taiwan Semiconduc- 
tor Industry Association)^^ 



The Taiwan semiconductor industry value chain follows the product flow 
from design to test of the packaged chip. The figure indicates that, in 2008, 
Taiwan had 256 Arms involved in the design of integrated circuits. The term 
“fabless” denotes Arms that create and sell the designs of integrated circuits, 
but do not fabricate (manufacture) integrated circuits. The figure also in- 
dicates 14 Arms with fabrication operations and 30 Arms with packaging 
operations. 

Academic papers employ value chains to evaluate industries, and those value 
chains produced in the country of interest can yield insights into how im- 
portant an industry is to a nation. For example. Figure 3.2 shows a semicon- 
ductor value chain reflecting Taiwan’s capability in the design of integrated 
circuits relative to capabilities of other advanced countries. The Technovation 
article from which the flgure was derived goes on to discuss the strategy of the 
Taiwan semiconductor industry and the reasons behind its relative success at 
that point in time. Although dated, the article still provides background for 
collection and analysis on the semiconductor industry in Taiwan. 
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Figure 3.2: Taiwan Integrated Circuit Design Capabilities (© Elsevier)^ 



For our immediate purposes, the value chain in Figure 3.2 confirms the steps 
and their sequence in the production of semiconductors. The value chain 
also provides key terms that are encountered in analyzing the semiconductor 
industry. 

Figure 3.3 shows a semiconductor value chain that can be used to illustrate 
the semiconductor manufacturing process and the globalization of the indus- 
try value chain. 
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Figure 3.3: Semiconductor Value Chain^^ 



Figure 3.3 shows the major value-added activities in the industry (chip de- 
sign, mask, etc.), as well as the key suppliers to the industry (electronic design 
automation, lithography, etc.). An important point for analysts to understand 
is the variation in ownership of the value-chain activities for this mature in- 
dustry. For example, in Figure 3.4, the top value chain shows the domain of 
the integrated design manufacturer and refers to a firm that participates in 
all the steps in the value chain. In terms of global value-chain governance 
(remember Figure 2.5), this is a hierarchical governance with high degrees of 
explicit coordination within the firm and power asymmetry over the suppli- 
ers. The middle value chain in Figure 3.4 shows the domain of the foundry, 
and refers to a semiconductor fabrication firm that fabricates the wafers from 
designs provided by other firms, and then returns the wafers to the customer. 
Finally, the bottom value chain in Figure 3.4 shows the domain of a fabless 
firm. This firm creates the integrated circuit design (intellectual property) and 
sells the design to other companies or subcontracts for fabrication. 

In terms of global value-chain governance, both a foundry and a fabless firm 
are examples of modular value-chain governance. The standardization of de- 
sign-manufacturing interfaces and information supports a lower degree of ex- 
plicit coordination and power asymmetry over others. A useful way to think 
of power asymmetry is in terms of the power of the buyer or supplier in the 
interchange. The integrated design manufacturer has a lot more power over 
suppliers than the foundry or fabless firm. 
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Figure 3.4: Semiconductor Value Chain — Firm Participation^^ 

Step 3: Identify Sources of Information 

Timothy Sturgeon points out the importance of not focusing on macro-level 
statistics, such as trade and investment, to understand a country’s plans and 
intentions, because they “cannot help but render invisible the detailed con- 
tours of the world economy.”^^ Also beware the technophile’s focus on “the 
next big thing” or, at the other end of the spectrum, the engineer’s focus on 
details. Keep these cautions in mind when starting to scan and select topics 
from the “daily scrape” for further review and analysis. 

This section takes the next step of identifying the types of potential open- 
source data available to support the industry analysis. Appendix C lists, by 
category, potential data sources specific to the semiconductor industry. 
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Books 

While currency of the data source is a primary consideration, the search 
should include recent books on the industry. 

Reports 

The National Academy of Sciences, a nonprofit institution, has a searchable 
website of its publications, many of which are free to download. While the 
publication of National Academy reports is unpredictable, you can set e-mail 
notifications when topics of interest are available. The federal government, 
particularly within the Department of Commerce, provides a regular stream 
of trade and industry statistics, but occasionally it will also produce reports 
on global trade topics that are of interest. For example, the Bureau of Industry 
and Security {www.bis.doc.govl) provides current news regarding trade issues, 
and the Defense Industrial Base Programs link provides a list of Defense In- 
dustrial Capability and Technology Assessments regarding foreign industrial 
development that may be of interest. 

Trade Associations 

Most industries have trade associations, and the associations usually release 
publications. Trade association websites provide news and documents, al- 
though the frequency of their updates and data available can be irregular. 

Trade Journals 

The most useful sources of current information are the industry trade jour- 
nals. While there are government policy announcements and occasional ana- 
lytical articles of use in metropolitan newspapers and business magazines, 
many of the stories are not much more than news releases from the subject 
company. 

Other Internet Sources 

This category concerns the ever-evolving platforms and content of the Inter- 
net. A few examples follow. 

YouTube 

The website YouTube {www.youtuhe.com) , although pedestrian to aficionados 
of social media, can still provide good sources of information. 
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Blogs 

Blogs written by industry analysts, enthusiasts, or employees can be a good 
source of information. 

Twitter 

The use of Twitter by the trade journals and even companies is noteworthy, 
but they typically tweet links to journal or marketing content already acces- 
sible via other means. 

Webcasts, Virtual Conferences 

The increasing use of webcasts and virtual conferences are good real-time 
sources. Subscriptions to the industry trade journals will lead to announce- 
ments of these events. The events offer another avenue for the industry to 
share information and develop market opportunities. The presenter slides are 
usually available for download prior to the presentation or the site may allow 
archival access. 

Trade Shows 

Trade shows, the best alternative to actually visiting semiconductor companies 
in other countries, obviously present challenges to the all-source analyst even 
beyond the requirements of time and funding. Trade association websites and 
trade journals carry advertisements for upcoming tradeshows. Tradeshows of- 
fer sessions in a variety of areas; it pays to read the program beforehand to 
ensure that the tradeshow is not devoted to a sub-industry topic or technical 
interchange. Also, unless the analyst is multilingual, it is advisable to ensure 
that the session is in English or a simultaneous translation is available. A 
walkthrough of the exhibit halls, including gathering literature, proves useful. 
One caution is that most corporate booths require a business card or the sign- 
ing of a register before they provide literature. The purpose of the exhibit hall 
is to generate business leads for the companies, so the collection of literature 
may have to be skipped if identification presents a problem. 

Step 4: Collect Information 

For the purposes of this discussion, data was collected from November 2009 
to June 2010, using all of the sources discussed in the preceding subsection. 
The sources included subscriptions to multiple semiconductor industry trade 
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journals, two semiconductor industry trade shows (Tokyo and Seoul), and 
one industry strategy symposium (Half Moon Bay, California). With the 
Porter Five Forces and the Value Chain Models for context, relevant online 
information was saved in the program Zotero, organized by folders labeled 
with the External Environment Model segments. Also available were digital 
copies of the tradeshow proceedings. 

Preparing for Collection 

The sources that are included in the “daily scrape” of open-source media re- 
quire preplanning. 

Using E-mail as an Information Portal 

For this project, a separate Gmail account was created just to receive industry 
trade journals and other industry source materials. During the workweek, the 
trade journals push their content out to subscribers. Via the Gmail account, 
it was possible to quickly scan the subjects and synopsis of articles in each 
journal. 

Capturing and Sorting Information 

There are several ways to capture results. One approach is to use a series of 
e-mail folders to keep and organize items of interest. The freeware program 
Zotero was chosen to collect, manage, and cite the source materials. Zotero 
was active and ready to use whenever the browser was open. Saving a copy 
of an article entailed clicking the Zotero icon in the toolbar, and selecting 
“create new item” in the folder designated. Zotero uses a cloud-based storage 
approach to capture a copy of the specific article, and also puts a copy on the 
computer. The reviewed trade journal is placed in a folder within the Gmail 
account that is marked by the name of the journal in case it is necessary to ac- 
cess the journal again. The advantage of Zotero’s cloud-based approach is that 
the analyst can work from multiple computers and keep up with the work. 
In June 2010, Zotero’s annual rate was $20 for 1 GB of storage ($1.67 per 
month). A plus for Zotero is that it has a plug-in to Microsoft Word, permit- 
ting direct transfer of citations from Zotero to a Word document. 
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Filing Information 

The External Environment Model provided the framework for active col- 
lection of information on the industry. Folders were created in Zotero and 
labeled with the names of the segments in the model. Here is the list of virtual 
folders established in Zotero to capture information: 

Demographics 

Economic 

Global 

China 

Europe 

India 

Japan 

Korea 

Singapore 

Taiwan 

Political/Legal 

Sociocultural 

Technological 

Note that, within the global element, country-specific folders were also devel- 
oped for information that pertains only to that country. There is also a folder 
named Industry Analysis that was used to collect information regarding the 
structure and conduct of the industry. Figure 3.5 shows a screenshot of the 
online data collection (Zotero tool) for this industry analysis. 
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Figure 3.5: Data Collection Using Zotero 

In Figure 3.5, the Global folder is highlighted in the far-left column. The 
middle column lists all the articles saved in that Global folder; highlighted 
is an article titled “Survey: Ghina is key to IG recovery in 2010.” Double- 
clicking on that title opens up the article in that window for rereading. In 
the far-right column is a snapshot of the citation, including the date it was 
accessed and the article’s Web address. The review and collection of data in 
one place with a clear documentation trail will be advantageous during the 
analysis. Once the data-collection framework is in place, the analyst can start 
reviewing and collecting information. There will be a large volume of infor- 
mation arriving every day, but it is possible to quickly scan and save informa- 
tion of interest. 

Industry Observations from Data Collection 

Thus far, we have discussed the first four steps: select the industry; define the 
industry; identify sources of information; and collect information. In this 
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subsection, we look at industry observations resulting from the data collection. 
We summarize observations on the current state of the semiconductor 
industry based on the results of the open-source collection. The summary will 
provide a backdrop for step five: analyze results (the following subsection). 
There, we will review and analyze collection results on East Asia — the focus 
of our analysis. 



At this point, the analyst should be comfortable with reviewing incoming 
information on the semiconductor industry. The Five Forces Model and the 
Value Chain Model aid in reading and comprehension during collection. The 
External Environment Model and the Zotero software tool provide a means 
to sort and preserve collection results. The observations at this point will be 
a collection of opinions and facts consistent with how the industry views it- 
self While the psychology of intelligence analysis is beyond the scope of this 
discussion. Figure 3.6 provides a conceptual view of applying the industry 
analysis model for intelligence analysts. 51 



Knowledge of Industry Structure Sorting of Key Industry Information 



From Value Chain Model 
“What's Key To That Industry’’ 




Too Much 
Information 



Per External Environment Model 



Analyst Strategic Framework 




NIC Global Trends 
National Intelligence Strategy 
Region/Country Knowledge 
Portfolio Tasking 

I 



NIE development 

/ Intelligence Product 
Increased Knowledge 

Results 



Analyst Judgment of 
Key Strategic Insights 
From Applying Industry 
Analysis Methodology 




What’s Important? 



Figure 3.6: Conceptual View of Model Application 



Figure 3.6 shows the analyst at the center because he or she is the target 
audience for this book. On the left side, the blue cloud indicates the large 
amount of open-source information and the caption “Too Much Informa- 
tion” describes the daily challenge of the all-source analyst. Along the top 
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are arrayed the various models described in Chapter 2, but it also includes 
the analyst’s strategic perspective and tradecraft experience. The combination 
of industry analysis models and the strategic framework provides a new lens 
for the analyst to now perform a “Focused Review” of industry-related data. 
The “Analyst Judgment of Key Strategic Intelligence Insights” represents the 
intellectual task of reviewing and assessing the information collected. This 
is not a serial process; the analyst over time builds a strategic perspective of 
the industry and draws equally strategic and intelligence insights (or con- 
nections) from his or her tradecraft experience. This subsection provides the 
result of building a strategic perspective on the semiconductor industry. Later 
in this chapter, under step 5, we describe the result of focusing our newfound 
perspective on the target region of East Asia and suggest strategic intelligence 
insights for use in the intelligence products listed in Figure 3.6 as “Results.” 
It is worth stating again that the intellectual process of learning to use the in- 
dustry analysis models, learning to understand the industry, collecting infor- 
mation, developing observations, and finally generating strategic intelligence 
insights is not serial. 

Summary of Industry Observations 

The semiconductor industry faces continuing consumer demand to increase 
capability and decrease prices. The advances in technology have been impres- 
sive; however, achieving each advancement (sometimes referred to as a tech- 
nology “node”) requires enormous amounts of capital, and it is the economics, 
not the technology, that is becoming the main driver. Four primary observa- 
tions resulted from the information collection and analysis of the industry: 

1 . Economics of pursuing the leading edge is in question; 

2. “Globalization” of the industry market is not a remedy for profitability 
concerns; 

3. East Asia’s emergence as the industry’s production center is an outcome of 
pursuing profitability through globalization; and 

4. Industry’s active pursuit of alternative markets for avenues of profitability is 
an outgrowth of the competitiveness within the industry. 
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Economics of Pursuing Leading Edge Is in Question 

A hallmark achievement of this industry has been its ability to regularly de- 
liver increasing capability. However, while there is a lot of discussion of the 
approaching physical limits of achieving further increases in the number of 
transistors that can be crammed onto an integrated circuit, industry analysts 
believe the real barrier may be an economic one. At semiconductor equip- 
ment conferences this year, several speakers brought up the point that new 
technology nodes may not meet the 18-month cycle of delivering new ca- 
pability per Moore’s Law.^^ Figure 3.7 illustrates the industry’s fear that the 
financial hurdles may be too great for delivering new capability. 




Figure 3.7: Financial Hurdles for Semiconductor Industry 
(© GL0BALF0UNDRIES)53 



Figure 3.7 shows the increasing research and development costs required to 
achieve decreasing feature size. The figure also shows that the industry faces 
huge costs to build the fabrication facility to render that design into a chip. 
In terms of Porter’s Five Forces Model, both of these factors represent high 



35 




Chuck Howe 



barriers to entry for a company interested in joining the industry. These large 
investments also represent high exit costs for existing firms. 



Figures 3.8 and 3.9 illustrate that even the conceptualization and design of 
leading-edge chips are becoming cost prohibitive and resulting in fewer new 
design starts. One result is that many companies within the industry will con- 
tinue production using older feature dimensions, and will reuse old blocks of 
design (intellectual property) in order to avoid the enormous costs of leading- 
edge design and fabrication. 
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Figure 3.8: Increasing Design Costs (© International Business 
Strategies, Inc.)5^ 
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Figure 3.8 illustrates the increasing cost of design in leading-edge integrated 
circuits. The growing software cost is due to the increase in software required 
throughout the design process to achieve breakthroughs in the performance 
of integrated circuits. 



DESIGN STARTS BY FEATURE DIMENSION 




Year 



Figure 3.9: Decreasing Design Starts (© International Business 
Strategies, Inc., 2010)55 

Figure 3.9 illustrates that increasing costs of pursuing the leading edge in 
semiconductors are resulting in a slowdown of new starts in leading-edge de- 
sign. Instead, companies are trying to earn as much revenue as possible from 
existing designs and fabrication facilities. In terms of the Five Forces Model, 
the intensity of competition requires a company to commit huge amounts of 
capital in order to stay at the leading edge of the industry. These capital com- 
mitments have led to fewer competitors with clear leaders in each category of 
the industry. For example, Intel is the world leader in microprocessor units in 
terms of sales and market share. 

When you factor in the huge costs to stay on the leading edge and the indus- 
try’s claim that the returns on investment are increasingly difhcult to find, it is 
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hard to see why firms even try to pursue the leading edge. Figure 3.10 shows 
a slide from an industry strategy session that graphically captures this point, 
but does not provide any answers. 

But . . . Moore’s Law has not driven a 
Revenue Growth Difference 

• Moore’s Law Driven = 

— NAND 
— DRAM 
— MPU 

• Moore’s Law Laggards = 

— everything eise 

• The reason? 

— Most Moore’s Law 

Gains are Given 
Up in Price 
« DRAM -12% 

« NAND -16% 

« MPU -1% 

• Average -3% 



Moore’s Law versus Not Moore’s Law Driven 




1998 2000 2002 2004 2006 2008 

Copyright @ 2000 by VLSI Research Inc. All rights reserved. 



Figure 3.10: Lagging Edge over Leading Edge in Semiconductor Sales 
(© VLSIresearch. “Economics and Collaboration Panel Discussion” SEMI 
ISS 2010. Half Moon Bay: SEMI, 2010.)56 

Figure 3.10 illustrates that, despite all the attention paid to the leading edge 
(Moore’s Law-driven) and the expectation that a leading-edge strategy will re- 
sult in higher profits, the fact is that the share of total semiconductor sales has 
remained steady between the leading and lagging edge. The statement “Most 
Moore’s Law Gains are Given Up in Price” illustrates the power of the buyer (in 
this case, the electronics-equipment manufacturer) in the semiconductor in- 
dustry. So the semiconductor firm (supplier) has to either find ways to remain 
competitive or exit the industry, possibly going out of business altogether. 

Unfortunately, even if a company steps back from the enormous costs of 
leading-edge fabrication, it will still face intense price competition in the 
trailing edge that requires it to carefully select its strategy. Figure 3.11 shows 
that, while integrated design manufacturers still predominated in the top 20 
semiconductor sales leaders (as of 2008), the Taiwan Semiconductor Manu- 
facturing Gompany, a pure-p lay foundry, is in the top five, and two fabless 
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firms, Qualcomm and Broadcom, registered the highest growth rates. For the 
remaining integrated design manufacturers to stay at the leading edge, they 
must continue to leverage their lead in market segments with large amounts 
of capital investment. 



2008 Top 20 Semiconductor Sales Leaders ($M) 



2008 

Rank 


2007 

Rank 


Company 


Headquarters 


2007 Tot 
Semi 


2008 Tot 
Semi 


2008/2007 % 
Change 


1 


1 


Intel 


U.S. 


35,021 


34,490 


-2% 


2 


2 


Samsung 


South Korea 
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20,272 


2% 


3 


3 


Tl 


U.S. 


13,309 


11,966 


-10% 


4 


4 


Toshiba 


Japan 


11,850 


11,059 


-7% 


5 


5 


TSMC* 


Taiwan 
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10,556 


8% 


6 


7 


ST** 


Europe 


8,637 


9,052 


5% 


7 


8 


Renesas 


Japan 


8,001 


7,017 


-12% 


8 


13 


Qualcomm*** 


U.S. 


5,619 


6,477 


15% 


9 


9 


Sony 


Japan 


7,203 


6,420 


-11% 


10 


6 


Hynix 


South Korea 


9,201 


6,182 


-33% 


11 


12 


Infineon 


Europe 
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5,972 


3% 


12 


11 


AMD 


U.S. 


6,013 


5,808 


-3% 


13 


14 


NEC 


Japan 


5,593 


5,732 


2% 


14 


15 


Micron 


U.S. 


5,520 


5,688 


3% 


15 


10 


NXP 


Europe 


6,026 


5,318 


-12% 


16 


16 


Freescale 


U.S. 


5,447 


4,898 


-10% 


17 


23 


Broadcom*** 


U.S. 


3,754 


4,509 


20% 


18 


17 


Fujitsu 


Japan 


4,568 


4,462 


-2% 


19 


21 


Panasonic 


Japan 


3,810 


4,321 


13% 


20 


19 


Nvidia*** 


U.S. 


3,979 


3,660 


-8% 


- 


- 


Total Top 20 


- 


179,087 


173,859 


-3% 



’Foundry “Not incl. flash and ST-NXP Wireless in 2007 & 2008 ’“Fabless 
Source: Company reports. 1C Insights 



Figure 3.11: Integrated Design Manufacturers Still Predominate (© IC Insights)^^ 

Figure 3.11 not only lists the leaders in the semiconductor industry, it also 
shows the international makeup of the industry. One notable absence on the 
list is mainland China, which is usually portrayed in the media as a jugger- 
naut in manufacturing. 
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“Globalization” of the Industry Market is not a Remedy for 
Profitability Concerns 

Collaboration and Protection of Intellectual Property 

The industry understands the technology challenges ahead, but finds it increas- 
ingly difficult to find the capital and business model to fund the necessary re- 
search and development for pursuit of the next technology node. One possible 
solution the industry is exploring is collaborations in research and development 
between semiconductor firms. The International Semiconductor Technology 
Roadmap is the best example of this type of collaboration. Participating firms 
are able to share technology and still achieve differentiation in their product. 

A few large firms, such as Intel, still choose to fund their own research and 
development and keep their technology advantage in-house. Other firms also 
carefully guard their intellectual property, but do so in a surprising way. For 
example, within weeks of the release of Apple’s iPad, the Canadian company 
Chipworks released an analysis and cross-section images of the core processor 
chip and correctly identified Samsung as the designer and fabricator. 58 This 
practice of reverse engineering and publishing the integrated circuit design of 
another firm is protected by the Semiconductor Chip Protection Act in the 
United States, which allows reverse engineering “for the purpose of teaching, 
analyzing, or evaluating the concepts or techniques embodied in the mask 
work or circuitry.”59 The industry uses this carefully stipulated openness to 
share achievements and protect its intellectual property. 

Expanding Market, Increasing Competition 

Another hallmark of this industry is the growth in unit volume, which drives 
lower cost per unit of semiconductors. One observation in EE Times India 
stated that “the total semiconductor TAM [total available market] grows be- 
cause of — not in spite of — the 35 percent per year reduction in the unit price 
of transistors.”^® 

During this past decade, electronics consumption has shifted from business 
use to personal and home use, and this is growing despite the economic 
downturn. One supporting figure cited is that 55 percent of the world 
GDP of electronics is now from personal consumption.^'^ The $226 billion 
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semiconductor industry is a key part of the $1.1 trillion electronics industry.^^ 
Despite the recent economic downturn, the semiconductor content of 
electronic systems was forecasted to increase about 27 percent for 20 10.^^ 



A major portent of the future of the semiconductor market lies in the ris- 
ing awareness of people in other parts of the world to the use of portable 
electronics such as cell phones. However, a significant portion of these groups 
only has an annual per capita income of greater than U.S. $3,000.^^ Industry 
analysts are warning business to be aware of the tipping point, when 50 per- 
cent or more of its demand is in emerging markets. Figure 3.12 illustrates 
the point that, while the majority of this rising consumer class will have high 
expectations for capability, they will not have the economic means to afford 
it, thereby exerting further downward pressure on prices. 



Market Trend: Polarization in Market 
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Figure 3.12: Future Market Economics (© Tokyo Electron using information 
from “The NEXT 4 BiUion” International Einance Corporation and “The 
Eortune at the Bottom of the Pyramid” Strategy -l- Business, no. 26: 2-14)^^ 
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Figure 3.12 also provides a sociocultural insight regarding rising living condi- 
tions in developing nations around the world. While the industry is strug- 
gling with future profitability, demand in developing countries is increasing. 
This bodes ill for the semiconductor industry, because the power to set prices 
is still firmly in favor of the consumer. 

Ultimately, a semiconductor company has to turn a profit in order to survive 
in the industry. Turning a profit means being able to sell enough chips over 
what it cost to develop and produce them. One figure cited at an industry 
strategy session is that there needs to be a total available market of at least 
$2 billion in order to justify pursuing a 32 nm advanced chip design. 
The qualifying 2013 product markets were listed as mobile phones, personal 
computers, video games, and televisions with set top boxes. The financial 
community expects that before a semiconductor company invests its capital 
in a project, the expected value from the project will cover its investment and, 
in addition, earn a higher return than alternative uses for that capital. 

East Asia’s Emergence as the Industry’s Production Center is an 
Outcome of Pursuing Profitability through Globalization 

It was the drive for profitability that forced U.S. firms to first outsource 
finished electronic components to Asia for use in producing end items for 
consumption.^^ The developing standardization of design-to-manufacturing 
interfaces helped the rise in technical sophistication of Asian countries, and 
now that region is becoming the fabrication center of this global industry.^^ 
The global Value Chain “modular” model discussed earlier in this chapter 
neatly captures the current semiconductor design and fabrication processes. 

The establishment of the dedicated foundry model in Taiwan is central to under- 
standing the modularity of the industry.^*^ While there are variations in scope 
and organization, in its simplest form, the foundry receives the chip design 
“intellectual property” from a customer and produces wafers with the integrat- 
ed circuits. The customer then takes the wafer and either finishes the process or 
outsources it to yet another firm, so they only handle sales of the finished chip. 
A pure-play foundry does not fabricate and market its own chips. Sometimes 
an integrated design manufacturer will contract out its excess production ca- 
pacity to other firms and produce chips in their fab for them. 
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The dedicated foundry is a way to transfer portions of the huge costs (and 
technology risks) of semiconductor fabrication outside of the firm. Some 
“fab-Iite” semiconductor companies are reducing their fabrication capabilities 
to cover only key technology areas and are relying on foundries for produc- 
tion of the remainder of their product portfolio. Other “fabless” firms have no 
fabrication capability and are concentrating on generating designs for fabrica- 
tion or for sale to other companies. 



The result of all these changes is a shift in semiconductor manufacturing to 
Asia, where the majority of the foundries are located. Figure 3.13 shows, by 
geographic region, the change in installed capacity (use of 200 mm equiva- 
lents allows inclusion of all wafer sizes) from 1995 to 2009; it also includes 
forecasts for 2010 and 2011. The center of gravity for this industry is clearly 
shifting to East Asia. 
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Figure 3.13: Rise of Asia in Semiconductor Manufacturing (© SEMI Indus- 
try Research & Statistics)^! 
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Industry s Active Pursuit of Alternative Markets for Avenues of Profit- 
ability is an Outgrowth of the Competitiveness within the Industry 

There are several promising areas for future growth in the semiconductor 
industry that are not as capital intensive or technologically challenging. These 
areas are photovoltaic (PV) and light emitting diodes (LED). There is also 
an emerging and potentially large application area for semiconductors in the 
biomedical market. 

Photovoltaic (PV). Photovoltaic (or solar-cell) fabrication starts with square 
silicon wafers and uses a simpler — relative to CMOS (complementary 
metal-oxide-semiconductor) — fabrication process to produce a solar panel. 
Figure 3.14 shows a simplified version of the process; note the absence of the 
repeated mask exposures that produce the complex designs of an integrated 
circuit. The fabrication of the solar cell starts with flat sheets of silicon that 
are the same size as the finished solar cell. The processing of the silicon into 
a solar cell is much quicker than the process for fabricating an integrated 
circuit. While it is important to control the introduction of impurities in 
the process, solar-cell fabrication does not require the same level of stringent 
process controls involved in integrated-circuit fabrication. 




Figure 3.14: Fabrication of a Solar Cell^^ 
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The PV market is a topic of much discussion, but the business model for 
widespread adoption is still not in place. As Figure 3.15 indicates, demand in 
the industry is still heavily dependent on government subsidies for producers 
and consumers. Until PV can compete economically with conventional pow- 
er sources, its progress will continue to depend on government subsidies. 



Demand and Supply are Partners 



Manufacturing (supply) typically follows the market and/or low cost 
areas of manufacturing. 

The Supply/Demand picture for the PV industry is unbalanced — 
one region Europe represents 76% of all demand. Germany is 
consumed 58% of first time sales in 2009. 



China shipped the majority of product into the market. In 2009, 
2-gigawatts of cheaply priced inventory led to an installation figure 
that is higher than first time sales. 
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Figure 3.15: PV Market Still Developing (© Navigant Consulting)73 
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It is interesting to note from Figure 3.15 that China is a major producer of 
photovoltaic devices, but is not a major consumer. The fabrication finding is 
not surprising, since photovoltaic fabrication is not as complex as integrated 
circuits, but the future of mainland China as a consumer of photovoltaics 
remains open to speculation. 

Light Emitting Diodes (LEDs). LEDs are another promising growth area. 
They are based on semiconductor substrates and, in concept, are even simpler 
than PV cells to produce. The LED industry is characterized as being 10 years 
behind the semiconductor industry in terms of process control and automa- 
tion. Figure 3.16 provides a simple view of the fabrication steps. 
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Figure 3.16: LED Fabrication (© Yole Developpement)^^ 

The fabrication of an LED also begins with silicon substrate. A layer of mate- 
rial is grown on the substrate, and the resulting epiwafer is ready for further 
processing. The dies are cut out of the epiwafer and packaged in a fixture with 
electrical connections. 
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Figure 3.17 shows that the promise of continuing market growth for LEDs 
is in the consumer-product areas of automobiles, flat-screen televisions and 
monitors, and energy-efflcient applications, such as commercial and residen- 
tial lighting. These growth projections and low technology barriers are now 
drawing larger semiconductor companies into this segment. While the con- 
sumer will benefit from the increasing competition, only the Arms that can 
quickly scale up production will remain profitable. 




■ Lighting (others) 

□ Lighting (office) 

■ Lighting (home) 

■ LCDTV 

□ Auto (others) 

H Auto (headlight) 

□ Small/Mid LCD 

□ Signal 



Figure 3.17: LED Market Forecast (© iSuppli )^^ 



Figure 3.18 shows that the distribution of LED fabs is the highest in East 
Asia. The LED fab has a lower barrier to entry, and East Asia is close to the 
buyer (in this case, electronics and automotive manufacturers). 
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Figure 3.18: LED Fabs Worldwide (© SEMI Industry Research & 
Statistics)^^ 

Biomedical. The semiconductor industry is awakening to the market potential 
of the application of semiconductors in medicine. During an EE Times virtual 
conference on Medical Systems Design (cited as an example data source in 
the preceding subsection), the keynote speaker presented a slide (Figure 3. 19) 
listing the drivers and potential for growth in this market segment. 
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Global trends driving growth 



Medical devices and 
supplies market 




CAGR: 
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Source: MODI, Databeans and Tl data 



Aging populations 

— By 2020 well over 1 billion people 
worldwide will be 60 years and older 
Rising healthcare costs 
— US Healthcare spending is 16+% of 
GDP 

— Costs to grow from 2 trillion in 2007 to 
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Remote and emerging markets 

— China healthcare expenditure increased 
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Consumer medical equipment 
— Over 40% of annual semiconductor 
sales are for consumer medical devices 



Figure 3.19: Medical Devices Market Potential (© Doug Rasor)^^ 

Figure 3.19 provides insights into the drivers for potential demand for semi- 
conductors in medical applications. The aging of populations in developing 
and developed nations is one driver. Another projected demand driver is ris- 
ing healthcare costs, even in developing nations. 

During a keynote address at SEMICON Korea, Tien Wu, the chief operating 
officer of ASE (Advanced Semiconductor Engineering), Taiwan (the world’s 
largest provider of semiconductor-manufacturing services in assembly), pre- 
sented a slide (Figure 3.20) showing that medical applications are part of the 
next semiconductor life cycle. The speaker went on to say that every single life 
cycle tends to be larger than the previous one, and champions of one tend to 
lose in the next life cycle. 
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Figure 3.20: Semiconductor Life Cycles (© ASE Group)^*^ 

The continuing reductions in the size of integrated circuits and power re- 
quirements are raising the potential for integration of semiconductors into 
the human body. As Figure 3.21 illustrates, the applications of semiconduc- 
tors are poised to become essential to our health and well-being. 
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Electronics inside the human body 
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Figure 3.21: Semiconductor Integration into Biomedical Devices 
(© Doug Rasor)^l 

Summary 

This subsection provided the result of building a strategic perspective on the 
semiconductor industry. The observations are the result of reviewing and 
evaluating a large body of collected information. The extensive footnoting for 
each observation provides the means for recalling and verifying the source of 
these observations. To summarize, particularly with respect to influences on 
the structure and conduct of relations between this industry and the govern- 
ments with which they interact: (1) the industry is caught between buyer 
expectations and skyrocketing development and fabrication costs; (2) this 
industry-wide challenge at the leading edge is driving a continuing search for 
funding; and (3) the shakeout in the industry at the leading edge is driving 
competition in the trailing edge and alternate avenues of profitability (e.g., 
photovoltaic, LEDs, medical devices). 
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Step 5: Analyze Results 

At this point, the all-source intelligence analyst needs to review the informa- 
tion collected and initial industry insights to make connections beyond the 
business world to produce strategic intelligence insights. The results of this 
fifth and final step will round out the all-source analysts’ perspective and pro- 
vide inputs for future intelligence products. We focus our newfound perspec- 
tive on the target region of East Asia and suggest strategic intelligence insights 
for use in producing the intelligence products listed in Figure 3.6. 

East Asia: Semiconductor Industry 

While their approaches vary, the national governments in East Asia all set 
out to foster the establishment and growth of the industry.®^ But this gov- 
ernmental involvement does not guarantee continuing success. Brown and 
Linden explain: 

For governments, the years of U.S. -Japan rivalry established 
the reduced scope for government intervention in an estab- 
lished industry. In the 1970s a range of policy tools such as 
tariffs and subsidies were available to the Japanese govern- 
ment in its efforts to overtake U.S. chip firms, and inter- 
national trade agreements forced these to be dropped once 
Japan’s industry was established. The direct policy tools of 
the past have been sidelined by various agreements under 
the World Trade Organization (WTO), although develop- 
ing countries like China are still able to provide subsidies to 
push their infant industry along. ^3 

Figure 3.22 summarizes the state of the semiconductor industry in East Asia. 
A discussion of each country follows the figure. 
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Figure 3.22: Summary of East Asia Semiconductor Industry, 2010 
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Japan 

Japan is still a major competitor in the chip industry, but its domestic 
economic turmoil and its inability to adapt to the changing semiconductor 
market have affected its standing. Japan’s older established chip firms are 
pursuing consolidation and are outsourcing design and fabrication outside of 
Japan. Referencing the semiconductor value chain, Japanese semiconductor- 
equipment manufacturers (machines that fabricate the chips) are competitive 
and increasing shipments to China and Taiwan. Japan is home to Nikon 
and Canon, the number two and number three firms of the top lithography 
companies in the world.®^ Japanese-headquartered companies are the world 
leaders in the packaging materials segment of the semiconductor industry, 
with a 2009 combined market share of 65 percent of an estimated $15.8 
billion packaging-materials market. Beyond encouraging energy-saving 
semiconductor applications, the Japanese government is not playing a major 
role in their mature domestic semiconductor industry. ^9 

Korea 

Korea’s Samsung is the world leader in memory production and flat-panel 
displays, but the government is concerned about the concentration of its semi- 
conductor industry in the memory market, continuing dependency on the 
import of integrated circuits for incorporation into consumer electronics, a 
slow start in creating a fabless sector, and the rise of China’s industrial capabil- 
ity.^*^ The Korean news media provides a sociocultural insight into perceptions 
of China’s rise, characterizing Korean workers as avoiding the arduous work in 
semiconductor and LCD production, while their counterparts in China work 
at one-fifteenth of the annual salary of a Korean worker. That same article 
describes Korean firms as seeming to be horrified at the full-fledged efforts of 
high-ranking China officials to establish a predominant position in the semi- 
conductor industry. The Korean semiconductor industry is concentrated in a 
few very large companies, of which Samsung is clearly the flagship. Korean- 
headquartered semiconductor packaging materials companies are increasing 
their overseas versus domestic sales, but in comparison to Japan, they remain 
a small player.^^ The remainder of Korea’s firms on the semiconductor value 
chain primarily supply the domestic giants of electronics, LG and Samsung.^^ 
EE Times reports that the Korean government’s “System IC 2010” project 
is an effort to jump-start the nation’s fabless community, including analog 
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start-ups, but it is too early to see the results. ^3 Samsung recognizes the risk of 
the company’s concentration in memory and is expanding into the foundry 
arena, already scoring a significant win by producing the processor for Apple’s 
new iPad.^^ Through its “low carbon, green growth” vision, the Korean gov- 
ernment is supporting the industrialization of renewable energy sources as a 
driver for new employment and economic growth. ^5 

Singapore 

According to the Economic Development Board of Singapore, there are four 
12-inch fabs in operation in Singapore by the world’s top three wafer- foundry 
companies. This island nation is also home to headquarters activities of over 
125 electronic companies (including the 50 largest). Recently, U.S. -based Ap- 
plied Materials opened its first facility in Asia for manufacturing its advanced 
semiconductor-fabrication equipment, citing that over 70 percent of its busi- 
ness is now in Asia.^^ Singapore’s Chartered foundry (once 62 percent owned 
by the Singapore government’s investment agency, Temasek Holdings) strug- 
gled to compete with Taiwan foundry’s Taiwan Semiconductor Manufactur- 
ing Company (TSMC) and United Microelectronics Corporation (UMC), 
and was acquired in 2009 by the Advanced Technology Investment Company 
(ATIC), a wholly owned subsidiary of the Abu Dhabi government.^® This ac- 
quisition, folded into the ATIC and AMD Global Foundries venture, creates 
a first-tier foundry competitor. 



Taiwan 

Taiwan is home to the world’s two largest pure-play chip foundries — Taiwan 
Semiconductor Manufacturing Company (TSMC) and United Microelec- 
tronics Corporation (UMC) — and also has the largest number of LED fabs. 
Figure 3.23 shows that, in terms of integrated-circuit foundry sales, these two 
firms are positioned well ahead of their peer competitors. 



2009 Major IC Foundries 



2009 

Rank 


Company 


Foundry 

Type 


Location 


2007 

Sales 

($M) 


2008 

Sales 

($M) 


08/07 

Sales 

% 


2009 

Sales 

($M) 


09/08 

Sales 

% 


1 


TSMC 


Pure-Play 


Taiwan 


9,813 


10,556 


8% 


8,989 


-15% 


2 


UMC 


Pure-Play 


Taiwan 


3,430 


3,070 


-10% 


2,815 


-8% 
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2009 Major IC Foundries continued 



2009 

Rank 


Company 


Foundry 

Type 


Location 


2007 

Sales 

($M) 


2008 

Sales 

($M) 


08/07 

Sales 

% 


2009 

Sales 

($M) 


09/08 

Sales 

% 


3 


Chartered* 


Pure-Play 


U.S. 


1,458 


1,743 


20% 


1,540 


-12% 


4 


GIobalFoundries 


Pure-Play 


US. 


0 


0 


N/A 


1,101 


N/A 


5 


SMIC 


Pure-Play 


China 


1,550 


1,353 


-13% 


1,075 


-21% 


6 


Dongbu 


Pure-Play 


South 

Korea 


510 


490 


-4% 


395 


-19% 


7 


Vanguard 


Pure-Play 


Taiwan 


486 


511 


5% 


382 


-25% 


8 


IBM 


IDM 


U.S. 


570 


400 


-30% 


335 


-16% 


9 


Samsung 


IDM 


South 

Korea 


355 


370 


4% 


325 


-12% 


10 


Grace 


Pure-Play 


China 


310 


335 


8% 


310 


-7% 


11 


He Jian 


Pure-Play 


China 


330 


345 


5% 


305 


-12% 


12 


Tower** 


Pure-Play 


Europe 


231 


252 


9% 


292 


16% 


13 


HHNEC 


Pure-Play 


China 


335 


350 


4% 


290 


-17% 


14 


SSMC 


Pure-Play 


Singapore 


350 


340 


-3% 


280 


-18% 


15 


TI 


IDM 


U.S. 


450 


315 


-30% 


250 


-21% 


16 


X-Fab 


Pure-Play 


Europe 


410 


368 


-10% 


223 


-39% 


17 


MagnaChip 


IDM 


South 


322 


290 


-10% 


220 


-24% 



*Purchased by GIobalFoundries in 4Q09. 
Source: IC Insights, company reports **Tower bought Jazz in 2008. 



Figure 3.23: TSMC Top among Foundries (© IC Insights, Company 

Reports)99 

Given our previous discussion of the modularization of the semiconductor 
value chain and the rise of East Asia, it is not surprising to see the prepon- 
derance of foundries located there. The foundry model promises to shield a 
semiconductor firm from the intense capital costs of fabrication. It remains to 
be seen how far the fabless or fab-Iite model will continue to progress. 

Despite its history as the first chipmaker in Taiwan, UMC is seen as now fall- 
ing behind the technology curve, succumbing to the continuing demands for 
capital to stay at the leading edge. TSMC continues to grow, and expansion 
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plans garner most of the news regarding Taiwan’s semiconductor industry. At 
the front end of the value chain, TSMC’s Electronic Design Automation plans 
and offerings have led some analysts to identify TSMC as a new integrated 
device manufacturer (IDM).^*^^ Also at the front end, TSMC announced its 
collaboration with MAPPER Lithography (a Netherlands firm) to incorporate 
a maskless lithography technology in its manufacturing processes. 



Akira Minamika, a speaker at SEMICON Japan, presented a slide (Figure 
3.24) that reinforces the view that TSMC is going to grow beyond the busi- 
ness model of a pure-play foundry. TSMC’s announcement that it is going 
to open an R&D center and wafer fab to develop and produce LEDs clearly 
establishes an IDM role for TSMC, as least in optoelectronics, despite its as- 
surances that it will remain a pure-play foundry in the IC market sector. 
This is significant, because a key selling point of a pure-play foundry is that it 
does not compete with its customers by producing its own line of chips. 
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Figure 3.24: TSMC’s Expanding Coverage (© IC Insights, Company 
Reports) 
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Figure 3.24, provided at an industry tradeshow in Japan, highlights the rec- 
ognition that TSMC is expanding its coverage of the value chain. This will be 
an interesting development, since Japanese firms use the foundry capabilities 
of TSMC and have not viewed TSMC as a competitor. 

Although TSMC has a Samsung-like impact in its global stature, Taiwan has 
a more diverse semiconductor industry, with close ties to domestic and in- 
ternational electronics-manufacturing companies. Reflecting this strength of 
diversity is a recent legislative resolution that asks the Economics Ministry to 
discard a restructuring plan for Taiwan’s DRAM industry, characterizing it as 
a waste of resources. ^*^5 However, in the same session, it agreed to cut Tai- 
wan’s corporate tax rate from “20 to 17 percent and retain tax breaks targeted 
at R&D,” which will sustain its national competitiveness. 

Strategic Intelligence Insight 

The most interesting developments from a strategic intelligence perspective 
are the growing ties between Taiwan’s and mainland China’s semiconductor 
industries. In February 2010, Taiwan relaxed restrictions on “high-tech invest- 
ment in China in another move to help local companies expand their global 
market shares and competitiveness.”^®^ The Taiwan Ministry of Economic Af- 
fairs will establish a panel to screen proposed investments. Existing regulations 
still in force prohibit local foundries from setting up 300 mm wafer fabs or 
foundries capable of processes below 130 nm, but will allow them to invest in 
or acquire China-based wafer foundries. Taiwan regulations now allow its chip 
companies to set up a maximum of three wafer fabs in China using processes 
less advanced than 0.18 micrometers (180 nm). The new rules also apply to 
low-end IC design and chip set packaging and testing industries, although 
projects greater than $50 million require screening for approval.^®® 

Prior to this announcement, Taiwan’s electronic manufacturing firms (the 
buyers of semiconductor chips) made use of China’s labor force and loca- 
tion to build consumer end items. For example, Flextronics International, a 
Taiwan firm and one of the world’s largest electronic manufacturing firms, 
is expanding its presence in China with a design center and manufacturing 
facilities in Wuzhong Export Processing Zone. This expansion complements 
its two existing computing design centers in Shanghai and Wujiang.l®^ A 
government official in Taiwan allowed that the provisions on investments or 
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acquisitions of Chinese wafer foundries were meant to cover UMC’s then- 
illegal investment in the Chinese foundry firm He Jian in 2006 and TSMC’s 
pending stake in the Chinese foundry SMIC (a result of its successful intel- 
lectual property rights dispute with SMIC [Semiconductor Manufacturing 
International Corporation] Upon approval, UMC will be able to acquire 
the remaining 85 percent of He Jian, and TSMC will take a 10 percent stake 
in SMIC. 1 ^ 1 TSMC’s chairman said they have no intent to take any day-to- 
day role in SMIC, and that they intend to keep their leading-edge fabs in 
Taiwan in order to take advantage of economies of scale; however, he also said 
they have submitted a technology-transfer application to produce higher-end 
circuits on its Shanghai wafer plant (about 200 mm fab).^^^ 

Smaller companies representing semiconductor value-chain activities are also 
strengthening ties to mainland firms. Chipbond Technology, a Taiwan firm 
that provides backend assembly processing for LCD driver ICs (a key com- 
ponent in LCD TVs), is requesting permission from the Taiwan government 
to increase its current holdings (20 percent) and take a majority share in 
China-based Chipmore Technology, in order to gain a foothold in China and 
its growing consumer market. Taiwan’s automotive industry, a consumer 
of ICs, is actively working to establish cross-strait agreements with China’s 
automotive industry. Examples of IC applications include low-cost night vi- 
sion systems, 360-degree viewing systems, and rain sensors. A final, more 
conventional indicator of the increasing economic links between the two in- 
dustries is illustrated by Taiwan’s export statistics for May 2010: “[Ejlectron- 
ics had the largest export value of $6.627B, rising by 47% on year and China 
(including Hong Kong) represents 43.8% ofTaiwan’s total export value.”^^^ 

China 

China’s rise as an economic power is clear, but a subject of continuing debate is 
China’s “openness” to reforms in governance and economics as it continues to 
develop. A single industry analysis can provide a degree of insight by the nature 
of its method of inquiry. Using our example of the semiconductor industry, here 
is the checklist of reasons why strategic insights on China are discoverable: 

• The semiconductor industry is a priority for China. 

• The technology and manufacturing leadership is centered in companies 
headquartered outside of China. 
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• The semiconductor industry has a history of openness in technology 
roadmaps and achievements. 

• Semiconductor companies will not share their intellectual property or 
relocate manufacturing without openness in how their intellectual 
property is protected. 

These points will be addressed as our analysis of results continues. 



Figure 3.25 provides a map of the distribution and types of wafer fabs and 
foundries in China at the end of 2009. 
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Figure 3.25: China Semiconductor Wafer Fab and Foundry Outlook 

(© SEMI)116 
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Studying the distribution and wafer-handling size of the semiconductor 
plants in China reveals several things. First, the majority of their capability 
cannot process 300 mm wafers, the current state of the art in the industry. 
Second, the majority of their manufacturing capability is clustered along the 
coastal areas. One factor driving this is the requirement to have a reliable 
infrastructure in place to support a semiconductor fab. This infrastructure 
must include reliable power, water, roads, and suppliers to support the 24/7 
demands of a semiconductor fab. 

China’s government has a great interest in developing indigenous semicon- 
ductor fabrication capabilities. SEMI analysis of China includes the follow- 
ing excerpts: 

Since China surpassed Japan and the US in 2007 to 
become the world’s largest consumer of ICs, China policy 
makers have increasingly voiced concerns about the 
‘chip gap’ between supply and demand. In 2008, China 
consumed approximately one-quarter of the world’s ICs, 
yet manufactured only $5.6 billion in chips, enough to 
support only 8% of their domestic requirements. By 2011, 
the China IC market will grow to $85 billion with domestic 
production expected to reach $8.2 billion, about 10% 

(iSuppIy, IC Insights, CSIA). By 2013, China’s share of the 
global chip market will reach 35%. In the past, in markets 
such as computers, mobile phones, and automobiles, such 
an imbalance between supply and demand has prompted 
increased investments in local production capacity. 

... [T]he Chinese government also remains the biggest 
investor in the semiconductor industry in China. In the past 
five years, the China government influenced the investment 
of about $7 billion in new fabs. In the next five years, local 
government will likely continue to be the significant co- 
investor in strategic IC Fab projects throughout the country. 

Going forward, the central government may also invest up 
to $30 billion on semiconductor (semiconductor equipment 
and material are included), also software and high-end chip 
hardware industry by 2020.^^^ 
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The profitability of China’s leading-edge foundry, SMIC, provides insights 
into the government’s progress. In 2000, the governments of Beijing, Shang- 
hai, Wuhan, Chengdu, and Guangzhou put forward the resources to support 
SMIC.^^^ After 10 years of investment, as Figure 3.26 illustrates, SMIC, 
China’s bid to create a leading-edge foundry, has yet to turn a profit. 




Figure 3.26: Profitability of Taiwan and Mainland China’s Leading-Edge 
Foundries (© VLSIresearch. In “China Leads World Out of Recession, 
Through Recovery.” January 14, 2010, Semiconductor International. 

Figure 3.26 shows that, on a profit-per-wafer basis, Taiwan’s TSMC has 
clearly outperformed China’s SMIC. In addition to infrastructure require- 
ments, a semiconductor fab has equally demanding process requirements. 
A high degree of process maturity is required in order to achieve success 
(both in terms of quality of product and turning a profit) in operating a 
semiconductor fab. SMIC’s profit performance and TSMC’s out-of-court 
settlement with SMIC (due to SMIC’s theft of intellectual property belong- 
ing to TSMC) led to a turnover in SMIC leadership. All of this indicates 
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that China’s semiconductor industry has not attained the required process 
maturity required for leading-edge IC fabrication. 

Recognizing that the bulk of the semiconductor market is in the trailing edge, 
taking advantage of the economic downturn, and the migration of the in- 
dustry to 300 mm equipment, the trade press believes that China will invest 
billions over the next several years into repurposing and refurbishing 200 mm 
and 300 mm fabs, and utilizing primarily used and refurbished equipment. 
Referencing some of the earlier figures showing the relative rankings of semi- 
conductor firms, it is clear that the largest companies still reside outside of 
China. Also, the research and development expenditures of these industry 
leaders are much greater than China has been willing or able to invest. 

China’s intellectual-property laws and their enforcement are still a work in 
progress. One company characterizes patent enforcement in China as “slight- 
ly improved from terrible to bad,” and said that China now concentrates 
enforcement on discovering export items to Europe, Japan, and the United 
States that illegally use China’s intellectual property, recognizing that enforce- 
ment within China is not possible. One rationale for TSMC’s out-of-court 
settlement with SMIC is that it did not want to bankrupt SMIC and risk 
TSMC’s intellectual property being acquired or lost entirely. Now, TSMC, 
with its minority share, can closely monitor SMIC’s use of TSMC’s technol- 
ogy. The IBM Corporation is very adept at handling intellectual-property 
licensure for semiconductor processes, only raising eyebrows in the industry 
by offering technology that may allow Chinese firms to “catch up.”^^^ 

Freescale, a U.S. semiconductor design firm, has five IC design centers in Chi- 
na, and describes its Chengdu center as “the front lines in the development 
and customization in the networking-chip arena.” One approach to pro- 
tecting intellectual property would appear to be in jointly developing technol- 
ogy with China. Intel Capital, the Intel Corporation’s global investment arm, 
and China Investment Corporation (CIC) announced that they are going to 
pair CIC’s resources with Intel Capital’s technology expertise to make strategic 
investments in pioneering for companies engaged in the next generation of 
groundbreaking technologies. Although the agreement states that the in- 
vestments will be outside of China, this is an interesting development to watch 
in order to understand the extent of the globalization of intellectual property. 
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As related earlier, many of the largest firms in the industry locate only less 
important processing or fabrication steps in China, sometimes due to export 
control laws, but also due to concerns about intellectual-property infringement. 
For example, Intel continues to run its leading-edge fabs outside of China in 
order to protect its microprocessor and process technology. Applied Materials 
operations in China has taken measures to prevent intellectual-property theft, 
such as “sealing its computers’ ports in Xian, to prevent easy use of flash drives”; 
controlling removal of computers by employees; and maintaining computer 
passwords and door codes to control technology access. Applied Materials 
continues to conduct its research and development in laboratories in the 
United States and Europe, but put its first Asian equipment-manufacturing 
operation in Singapore, where protection of intellectual property is more 
developed. Despite the risks of intellectual-property theft, the rising purchasing 
power of China’s population, and governmental trade and tax policies, the 
semiconductor industry is placing more capability in China. 

The example of Applied Materials and the establishment of a laboratory for 
assembly-line design in Xian illustrate the financial incentives for establishing 
operations in China. According to an article in the International Herald Tribune, 
first the Xian city government sold a 75-year land lease to Applied Materials at 
a deep discount, and then it reimbursed the company for about a quarter of the 
complex’s operating costs for five years. Thomas J. Friedman, an op-ed col- 
umnist with The New York Times, interviewed Paul Otellini, the CEO of Intel, 
comparing the incentives in the United States with those in China: 

“The things that are not conducive to investments here are 
[corporate] taxes and capital equipment credits,” he said. “A 
new semiconductor factory at world scale built from scratch 
is about $4.5 billion — in the United States. If I build that 
factory in almost any other country in the world, where they 
have significant incentive programs, I could save $ 1 billion,” 
because of all the tax breaks these governments throw in. 

Not surprisingly, the last factory Intel built from scratch was 
in China. “That comes online in October [2010],” he said. 

“And it wasn’t because the labor costs are lower. Yeah, the 
construction costs were a little bit lower, but the cost of op- 
erating when you look at it after tax was substantially lower 
and you have local market access.” ^30 
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Incentives to relocate to China are available to many countries, but they 
are not always financial incentives. An article in Business Week stated that 
Yukio Sakamoto, the president of Elpida Memory Inc., Japan’s sole maker 
of computer-memory chips, announced plans to build factories in Taiwan 
and China to meet demand and reduce tax payments. Reading further in the 
article, it is clear Elpida is also relocating to avoid Chinese import tariffs. ^31 
In the same article, Intel (United States) and Hynix (Korea) set up factories in 
China “to avoid a 17 percent value-added tax that applies to chips imported 
into China and used in electronics sold domestically.” 

Despite China’s outwardly successful mix of incentives and tax policies, the 
original equipment manufacturers (OEMs), assemblers of final end items for 
consumption, are still very cost conscious and will move to lower-cost areas of 
the world if it is more profitable. China’s rising labor costs, increases in energy 
prices, quality problems, intellectual-property theft, and a global modular 
value chain keep other regions of the world as viable alternatives. 

When the economic downturn occurred in 2009, many Chinese workers left 
the coastal area and returned home to inland areas. Now, with the economic 
recovery and China’s stimulus spending, many of these workers find work at 
home and are not migrating back to the coastal areas — inflating wages in the 
coastal areas, where electronics manufacturing is centered. 

On the environmental-regulatory front, China is planning to implement 
REACH (Register, Evaluation, and Authorization of Chemicals) regulations 
similar to the European Union’s REACH. The REACH regulations require 
companies to declare the types and uses of chemicals in production and also 
include chemicals released during the end products’ normal use.^^^ The ef- 
fects and enforcement of these regulations on the semiconductor industry 
remain to be seen. 

China is aggressively pursuing all the new avenues of profitability. As shown 
earlier, China has a large number of LED fabs in operation. In photovoltaic 
(PV) production, already noted is Applied Materials’ opening of the world’s 
largest solar research center in China. Domestically, China’s government is 
working with their PV Industry Association to assist in setting up a photovol- 
taic industry alliance for research and standards setting. It might be a strategic 
insight to say that, in order for China to incorporate the PV industry into its 
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energy economy, it will need to set standards for PV components and grid 
connections, improve those grid connections, and resolve the economics of 
getting PV-generated power (requiring large open areas) to distant popula- 
tion areas. Figure 3.27 illustrates the PV cluster areas in China. 
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Figure 3.27: China’s Photovoltaic Industry (© ResearchinChina)^36 

While Figure 3.27 provides the location of industry clusters for mainland 
China PV manufacturers, more important is the previous citation that de- 
scribes the Chinese government’s hosting of meetings to set standards and 
share information among the domestic PV companies. 

Medical-device applications provide a sociocultural view into China and why 
the semiconductor industry is looking at China as a large potential market. 
An article in EE Times China states: 

The portable/home electro-medical device market is enjoy- 
ing a fast and stable expansion in China due to the govern- 
ment’s medical reform, citizens’ concern in healthcare, and 
the unique features the devices are offering. 

The CAGR of portable electro-medical device market is 
expected to go up significantly, with market survey showing 
rapid expansion from 8 billion yuan ($ 1. 17 billion) in 2006 to 
28 billion yuan ($4.1 billion) in 201 1. “The market is proven 
to have a powerful anti-risk capability because the whole 
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market is oriented toward China’s internal demand and is 
basically insusceptible to the global financial crises. In China, 
the market is only in the initial startup phase, so the market 
demand is huge. In addition, the Chinese have an increasingly 
high consciousness of health,” Zhou Wensheng, senior sales 
manager of ADI’s medical division in Asia-Pacific, said. 

Like ADI, the worldwide semiconductor manufacturers cast 
more eyes on the portable/home electro-medical device mar- 
ket of China. Looking forward to the future, everyone will 
have multiple portable medical devices rather than just one, 
making it a more exciting market than the cell phones. After 
losing the country’s huge mobile phone market, numerous 
Europe and U.S. companies are expected to try their best to 
get a share of the portable/home electro-medical device mar- 
ket of China. “China and the world have a huge demand for 
the portable electro-medical devices, and China will enter 
the list of the largest electro-medical device manufacturers 
and largest markets,” Fan Xujin, chief product marketing 
engineer of Microchip’s medical product division, said.^^7 

Summary 

While Japan was the leading challenger to the U.S. lead in the semiconduc- 
tor industry in the 1980s, Japan’s domestic economic challenges have slowed 
the growth of its semiconductor industry. Important is the decline of Japa- 
nese firms in manufacturing lithography equipment (the basis for the key 
value-chain activity, mask creation). Japanese companies Nikon and Canon 
were the leaders in the lithography-equipment market, but they are now over- 
shadowed by the market leader ASML, headquartered in the Netherlands. If 
business conditions do not change, ASML will have a virtual monopoly on 
leading-edge lithography equipment. 

The Korean firm Samsung is the world’s leader in semiconductor memory, 
but its enormous size has not translated into development of a broader semi- 
conductor industry in Korea. 

Singapore is the leader in hosting the regional headquarters functions of al- 
most all the major semiconductor companies in the world. But Singapore’s 
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divestment of Chartered Semiconductor to outside investors leaves open the 
question of its future industrial capability. 

Taiwan is a success story in joint government and private industry devel- 
opment of an industrial base capability. Taiwan’s semiconductor industry is 
conscious of the challenges of staying at the leading edge and is pursuing cost 
savings by off-shoring trailing-edge and associated value-chain steps to lower- 
cost areas, such as mainland China. 

Mainland China has a strategy to develop an indigenous capability to supply 
the chips that they currently must import for both domestic and export 
industries. Various levels of government in China provide incentives and 
equity backing to domestic semiconductor firms. After a decade of investing 
to establish a leading-edge foundry in China, the government is now content 
to buy up trailing-edge semiconductor fabrication equipment and relocate it 
to China. In the PV- and LED-fabrication sectors, where there are no leading- 
edge export controls, China is rapidly building up value-chain elements 
tailored to these market sectors. Analyzing the semiconductor industry and 
East Asia provides some strategic insights. 

Despite China’s juggernaut appearance in technology advancement, the leading 
edge of semiconductors represents a difficult level to attain and, as a result, China 
is slowing its indigenous leading-edge development. China’s internal market po- 
tential, incentives, and tax policies are attracting the placement of semiconduc- 
tor operations in China, but concerns about intellectual property are still valid. 
As the foremost consideration, if higher profits can be earned in manufacturing 
outside of China, then manufacturers will relocate elsewhere, despite China’s 
policies. A sign of China’s rising consumer population is forecasted to increase 
demand for cell phones, LCD TVs, and medical devices within China. 

A strategic insight that rises up to the level of strategic intelligence insights 
is the growing economic ties between mainland China and Taiwan. Taiwan 
industries are leveraging Chinese industry in pursuit of competitive 
advantage. China is gaining advanced technology and building its industries 
through ties to Taiwan and other nations. This insight will be developed and 
discussed further in the next chapter’s concluding discussion and evaluation 
of the value of industry analysis to the Intelligence Community. 
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Chapter Four 



Conclusion 

An all-source intelligence analyst can use the analysis tools of business strate- 
gists and competitive intelligence professionals in analyzing an industry in 
another country or region of the world. By using these tools, an analyst is able 
to develop strategic intelligence insights about a nation’s plans and intentions. 
The main conclusions to be drawn are as follows: (1) industry analysis is easy 
to grasp and only a little harder to apply; (2) the results of industry analysis 
provide a useful lens for intelligence-collection analysis and synthesis; and 
(3) globalization has become a defining force in the world, and merits more 
attention from the Intelligence Community. 

Applying Industry Analysis 

The application of industry analysis is, first and foremost, not a major break 
with the conduct of all-source analysis. Industry analysis will provide a lens 
(or frame of reference) that complements the existing repertoire of analysis 
tools within the Intelligence Community. At a minimum, it offers a better 
alternative than performing a keyword search on open-source business and 
industry information. 

Follow the Steps 

The steps for conducting industry analysis are straightforward and meant to 
be easily internalized. The first steps of selecting and defining the industry 
for analysis will be the most difficult. For one thing, selecting an industry 
that will yield strategic insights automatically excludes countries that, while 
of interest to the Intelligence Community, do not have a developing industry 
sector or choose not to participate in the global economy. Second, defining an 
industry is time-consuming, but its practice (and, concurrently, the exposure 
to economics and industry structure) will serve the analyst in defining other 
industries in the future. Using the models described earlier will facilitate a 
focused review and selection of sources. 

The collection and analysis steps are the most straightforward for the all- 
source analyst. At that point, the analyst will understand the nuances of the 
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industry information before him or her and have a framework for collec- 
tion and analysis. The major difference in these steps, between the business 
analyst and the all-source analyst, is the strategic perspective the all-source 
analyst brings to the task. In addition, the all-source analyst can synthesize 
the findings with other Intelligence Community inputs to improve strategic 
understanding. 

Utility of Industry Analysis 

In the last chapter, the major strategic-intelligence insight points to the grow- 
ing economic ties between mainland China and Taiwan. Analysis of the semi- 
conductor industry provides this insight, but also lays the foundation for 
future analysis of other industries, such as the automotive industry, to see if 
they are also fostering cross-strait ties. 

Another topic for further exploration is mainland China’s progress in rebuild- 
ing its power-generation infrastructure to handle alternative “green” power 
generation and applications. The photovoltaic and light-emitting diode in- 
dustries (subsets of the semiconductor industry) provide a window into a 
challenge that the United States also faces. It is now clear that mainland Chi- 
na has an interest in developing its indigenous semiconductor industry and is 
willing to deal with Taiwan in pursuit of that goal. This strategic insight lasers 
through the unpredictability of nationalism or geopolitical flare-ups. 

Utilizing the addition of a new lens for intelligence analysis is achievable at 
the level of the all-source analyst by examining current national intelligence 
estimates to see how our strategic insight above “fits” with the prevailing view 
within the Intelligence Community. The classification of national intelligence 
estimates leaves this action outside of this book. Ian Bremmer, however, in his 
book The End of the Free Market, offers an interesting strategic assessment in- 
dependent of our industry analysis in the context of discussing the challenges 
posed by state-sponsored capitalism: 

Beijing’s primary military concern is the risk of a direct or 
proxy conflict with the United States over Taiwan. But the 
Chinese leadership is well aware that no U.S. government 
will support a Taiwanese bid for independence, and why 
should the Chinese launch a self-defeating invasion of the 
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island when it can co-opt most of Taiwan’s business elite 
with privileged access to investment opportunities on the 
mainland? So far, globalization has been good to Chinas 
Communist Party, and wars are bad for business. 

It is important to point out that the inclusion of industry analysis is meant 
to enhance the national-intelligence estimate, not drive startling new con- 
clusions. What is suggested here is that too great a focus on political and 
military dimensions by the Intelligence Community leads to discounting the 
influence of economics in international politics. The strategic-intelligence 
insights we seek come from examining the “contours” of industry interactions 
with foreign governments, and any contributions to a national-intelligence 
estimate resulting from these strategic-intelligence insights will be in the 
“contours” of the estimate. As a result, the final utility or value-added assess- 
ment of industry analysis remains within the analysis community. 

Increased Attention by the Intelligence Community to Globalization 

In the introductory chapter, the background question of the role of the Intel- 
ligence Community in assessing the effects of globalization came with a brief 
historical perspective. A couple of the points from this perspective are worth 
highlighting. First, the Intelligence Community at one time believed that the 
way a nation (the Soviet Union) acted in the economic sphere was likely to 
reveal its intentions. Second, policymakers’ interest in the community’s in- 
dustry analysis was motivated by perceptions of the United States potentially 
being outperformed economically and militarily by the Soviet Union. 

The Soviet Union is consigned to the history books, and there is no concern 
about a renaissance of centralized command economies among the world’s 
nations. But there is a relatively new competitor to the U.S. free-market 
system, which is a “state-sponsored capitalism” that may spark an interest in 
reviving industry analysis within the Intelligence Community. State-sponsored 
capitalism “is a system in which the state dominates markets primarily for 
political gain.”l"^® The recent acquisition of Chartered Semiconductor in 
Singapore highlighted earlier is an example of state-sponsored capitalism at 
work. The Singapore government’s holding company was a major shareholder 
in Chartered and approved its sale to a joint venture by a holding company 
of the Abu Dhabi government and the publicly traded semiconductor Arm 
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AMD. This exchange was in part a nation-to-nation business transaction 
that, in the case of Abu Dhabi, solely benefits the ruling family. 

Ian Bremmer notes that state -sponsored capitalism is not protectionism for 
developing national competitiveness; it is the state “using markets to create 
wealth that can be directed as political officials see fit.” Put another way, 
the major difference in state-sponsored capitalism vis-a-vis free-market capi- 
talism is that the overriding objective of state-sponsored capitalism is main- 
taining the party in power, not the prosperity of its people. 

The potential for the United States being outperformed economically and 
militarily is open for debate, but it should not be the threshold for reawak- 
ening industry analysis within the Intelligence Community. The global in- 
terdependencies between nations are a fact and, in the case of U.S. -China 
relations, have even earned the catchphrase “mutually assured economic de- 
struction.” This play on the Cold War term ‘“mutually assured destruction’ is 
not to suggest that a new cold war is upon us, but that the battle for the free 
market is a battle for national competitiveness that must avoid catastrophic 
outcomes.” Even though the current priorities of the Intelligence Com- 
munity reflect its customers’ requirements, there is a need for the community 
to step up and enhance its intelligence offerings with insights into globaliza- 
tion and its potential effects on national security. 
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Appendixes 



Appendix A 



External Environment Model Segments and Elements 
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Source: Adapted from Hoskisson, Hitt, and Ireland. 
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Sociocultural 

Cultural Attitudes, Customs, Values, Education/Skill Levels, Workforce Diversity, 
Attitudes about Quality of Work Life, Concerns about Environment 

Global 

Important Political Events, New Markets, Changes to Existing Markets, Different 
Cultural and Institutional Attributes 

Technological 

Product Innovations, Eocus of Private and Government-Supported R&D Expen- 
ditures, New Technologies 

Political/Legal 
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Appendix B 

Semiconductor Industry Tutorial 

The purpose of this appendix is to provide a brief tutorial on semiconductors, 
the key activities involved in their development, and the size and composition 
of their market. Chapter 2 introduces three models to use in industry analysis, 
and Chapter 3 describes a methodology for selecting an industry for analysis, 
which, for the purposes of this book, is the semiconductor industry. The next 
step is to define the selected industry, which in this case requires developing a 
broad understanding of the semiconductor industry. This understanding will 
first be put to use in developing a value chain for the industry. The develop- 
ment of a value chain is an iterative process; it reflects and reinforces your 
understanding of the industry. It is quite possible that a value chain is already 
available from open sources. If so, it can be used as a guide for sorting out the 
key activities and processes involved in producing semiconductors. Following 
the industry definition step, the value chain will be put to further use during 
the collection and analysis of information on the semiconductor industry. 

Since the technology behind semiconductors is over 60 years old, there is a 
wealth of open-source information on the semiconductor industry, both in 
print and on the Internet. What will become readily apparent is how far that 
technology has progressed, especially in process development and applica- 
tions. There are useful glossaries of industry-related terms available on the 
Internet. This appendix will cite several for definitions so the analyst has a 
choice of sources in case a website becomes unavailable. To understand an 
industry, a basic understanding of its products and markets is necessary. For 
the semiconductor industry, product knowledge equates to a basic under- 
standing of semiconductors and their development into integrated circuits. 
Research into the size and composition of the semiconductor market brings 
into focus the globalization of the industry and its importance to developed 
and developing nations of the world. 

Gain knowledge of semiconductors and their development into 
integrated circuits. 

Devices made from semiconductor materials are the foundation of the com- 
puter and communications industries. Also familiar are the multitude of 
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consumer-oriented electronic devices (such as cell phones) in use in almost 
every corner of the earth. Semiconductors are also increasingly used in the 
automotive and medical-devices industries, and form the basis for promis- 
ing devices for saving or generating energy. One surprising fact is that, 
although it was the U.S. federal government’s funding of basic research and 
government demand for electronics that fueled the early growth of this indus- 
try, today the government constitutes less than 1 percent of the semiconduc- 
tor market. 

The first question to answer is: what are semiconductors? A semiconductor is 
a material that has the properties of a conductor and an insulator. The exact 
properties are determined during the production of the silicon crystal and the 
processing of the wafer that provides the platform for the integrated circuit. 
The fabrication process described here is referred to as CMOS (complemen- 
tary metal-oxide semiconductor) and is the industry’s main manufacturing 
platform. Figure B.l illustrates the process for creating the silicon crystal. 




Figure B.l: Crystal Growth^^O 



There are several methods for creating the silicon crystal for wafers. The pro- 
cess in Figure B.l is common and the one most likely to be found in dia- 
grams, pictures, or video on the semiconductor process. The rough silicon 
material is noteworthy because, while it is a common material, there can be 
temporary shortages of supply due to the cyclical nature of the semiconduc- 
tor market. The raw material is melted in a furnace. ^51 qBe ugxt step, called 
seeding, involves lowering a single silicon crystal into the molten material. The 
molten silicon immediately affixes itself to the seed, forming a single crystal, 
and while the seed is slowly withdrawn, its simultaneous rotation produces 
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the resulting cylindrical shape. The cylinder of pure silicon is often referred to 
as a boule.^52 process is controlled to produce the desired diameter of the 
finished wafer. A wafer is defined as “a thin slice with parallel faces cut from a 
semiconductor crystal.” Wafers are produced in a wide variety of sizes and 
characteristics. The state of the practice now produces up to 300 mm (about 
12 inches in diameter) wafers. 

To create the wafers, the boule is removed from the furnace and the two 
ends are sawed off. Figure B.2 shows the entire boule cut into the thin slices 
referred to as the wafers. Following this, the wafers are run through a lapping 
process to remove surface irregularities and produce a uniform flat surface. 
Lapping involves placing the wafer on a revolving surface with a constant 
stream of a fine abrasive material, and then another surface revolving in the 
opposite direction placed above. The sandwiching of the wafer between the 
counter-rotating surfaces and the wet abrasive gradually removes irregulari- 
ties. The etching step is a chemical process to remove any crystal damage from 
lapping. Polishing, the final step, smooths the uneven surface left by the lap- 
ping and etching and makes the wafer flat and smooth. 




Integrated Circuits 

A wafer is composed of a semiconductor material and is the platform for the 
process that creates integrated circuits, which are then packaged into chips. 
An integrated circuit, or IC, is created on a wafer, usually made of silicon, 
and can hold anywhere from hundreds to hundreds of millions of electronic 
components, such as transistors, resistors, and capacitors. 
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Transistor Density 

The familiar phrase “Moore’s Law” is frequently referred to in articles regard- 
ing the semiconductor industry. In reality Moore’s Law is not a law at all; it 
is an observation made by Gordon Moore in the 1960s and later revised in 
the 1970s. His observation, remarkably prescient, is that the transistor densi- 
ties on integrated circuits will double every two years. Transistor density 
is important because more transistors equates to more functions in a smaller 
space, lower power requirements, and, with economies of scale, lower cost. 
Figure B.3 provides an example of increasing capability and decreasing price 
for semiconductor memory. 



Reduced Memory Cost Drives New Architecture and Appiications 
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Figure B.3: Memory Example (© Mentor Graphics)^56 



All of these are what the industry and its customers have come to expect. 
Figure B.4 illustrates how Moore’s Law is still a driving force in the semicon- 
ductor industry: 
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Note that the y-axis scale shows decreasing numbers, with “nm” — nanome- 
ters, or a billionth of a meter — appended to each. The numbers refer to the 
width of the smallest feature — “feature size” — on an integrated circuit. 

Feature Size 

Almost all trade journal issues bring up the topic of feature size, typically by 
using the shorthand of providing the scale of the integrated circuits in nano- 
meters. Figure B.5 provides a pictorial representation of the comparative size 
of objects on a nanometer scale. 
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Figure B.5: Size Comparison (© Northwestern University Nanoscale 
Science and Engineering Center); Images in Nanoscale (© Dennis Kunkel 
Microscopy, Inc.); Table by Waldron and Batt (© McNeil-Lehrer 

Productions) 158 



Referring to Figure B.5, feature sizes below 25 nm are now going into pro- 
duction. This means the size of an individual circuit path on a chip is smaller 
than the length of a virus and a little larger than a strand of DNA. A topic of 
much discussion is: what comes after the limits of scaling are reached? 

Chip Design 

The process for creating chips starts with the design. The software used in de- 
signing chips is an entire industry unto itself It is called the electronic design 
automation (EDA) industry, and this industry develops and sustains integrated 
circuit design tools. EDA Consortium, the electronic design automation in- 
dustry trade association, also has a web-accessible video that quickly describes 
the entire semiconductor design and fabrication process. 159 qhe design for 
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an integrated circuit is captured on digital files that are used throughout the 
manufacturing process. These digital files are representative of the informa- 
tion exchange that characterizes a modularized value chain. 

Chip Fabrication 

Figure B.6 provides a simplified view of this process. The design informa- 
tion is first used to create a mask. In simple terms, the mask is a clear piece 
of quartz, referred to as a reticle, which is etched with one level of the inte- 
grated circuits’ design. Today’s integrated circuits may have many layers, so 
there would be a reticle for each layer. Using lithography, a process similar to 
processing photographs, the wafer is coated in a material referred to as “pho- 
toresist”; then a light is projected through the reticle, and that layer of the 
design is transferred via exposure to the wafer. A key step in process planning 
is maximizing the number of copies of the design layer that can be placed 
on the wafer. Each of those copies on the wafer is referred to as a “die.” Per 
the design files, the wafer is then sent off to additional processing; one step 
removes the exposed photoresist, leaving the design of the integrated circuit 
behind. The wafer is then recoated with photoresist and is exposed using the 
reticle containing the next level of the design. 




Wafer Adding Exposure Additional Wafer 

Photoresist Processing Ready For 

Steps Next Layer Of 
Design 

Figure B.6: Fabrication Steps 

Referring to Figure B.6, the bare wafer on the left is ready to start the fabri- 
cation process. The wafer is coated with photoresist and then moved to the 
lithography station, where it is exposed to light. The reticle (also referred 
to as the mask) is a thin piece of quartz that is etched with one level of the 
integrated circuits’ design. The mask holds a layer of the design and, when 
the wafer coated with photoresist is exposed to a light source, the areas of the 
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wafer not obscured by the design pattern on the mask are exposed. This wafer 
is then put through a series of chemical baths that strip away the exposed 
photoresist on the wafer, leaving the layer of the design untouched. The wafer 
is then re-covered with photoresist and run through the lithography station, 
and then put through a series of chemical baths to strip away the photoresist 
and leave the second layer of the design on the wafer. 

To process the wafer with multiple mask sets (one mask for each layer on the 
individual chip) takes weeks. Since the processing steps for a typical forty- 
layer chip design take so long, and it is cost-prohibitive to build an additional 
line, semiconductor companies pursue other options, such as increasing the 
number of chips they produce on each pass through the process. 

One approach for increasing the number of chips produced is to increase the 
wafer size. The industry standard is currently a 300 mm wafer (roughly 12 
inches in diameter). The industry movement from 200 mm to 300 mm wa- 
fers provided an increase of 125 percent in surface area on which to produce 
integrated circuits (dies). For example, this transition means that for a die size 
of 161.3 square millimeters (approximately 14 square inches), the fabrication 
line is processing 376 dies per wafer on a 300 mm wafer versus 148 dies on 
a 200 mm wafer. 

The industries’ nine-year transition from 200 mm to 300 mm and the cost of 
developing an entirely new process line are not lost on the equipment manu- 
facturers. While 300 mm wafer processing continues to deliver productivity 
improvements, that transition did not translate into higher profit margins for 
the semiconductor-equipment industry. The industry is currently debating a 
move to a 450 mm wafer (a 125 percent increase over 300 mm), but only a few 
of the industry leaders are showing interest, and there is no agreed-to business 
model that shows funding for the transition and also provides a reasonable 
return on investment for the semiconductor-equipment manufacturers. 

Chip Packaging 

Figure B.7 shows the continuation of the fabrication process once all of the in- 
tegrated circuit design is on the wafer. When all of the design is processed into 
the wafer, each die on the wafer is tested, and any defective dies are marked. 
The individual dies are then cut from the wafer and undergo further testing. 
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The usable dies are attached to frames and, after wire bonding and encapsula- 
tion, they are chips ready for placement in their intended application. 




Figure B.7: Die Testing and Packaging 



The semiconductor industry is technology driven and requires a continuing 
investment in research and development to produce the advances observed 
by Moore’s Law. Equipment to produce a leading-edge computer chip costs 
hundreds of millions of dollars. A basic understanding of the fabrication 
of semiconductors is possible in a short amount of time. The fact that global 
industry is trying to figure out how to reduce feature size so it can deliver 
increased performance in ever-smaller packages is readily apparent without 
requiring a technical degree or know-how. 

Understand the size and composition of the semiconductor market. 

Industry trade associations, industry trade press, international trade organiza- 
tions, market research firms, and government documents are just a few of the 
available sources for market information. For the semiconductor industry, 
the World Semiconductor Trade Statistics, a nonprofit corporation, compiles 
industry trade statistics and provides market forecasts. The data is pro- 
vided by the member semiconductor companies and is considered to be a 
reliable source of information. The top-level forecasts are provided free via 
their website. For 2008, the world semiconductor market was $248.6 billion, 
and Figure B.8 shows the major market segments and their relative percent- 
age of the total market. 
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Figure B.8: Total World Semiconductor Market, 2008 — $248.6 Billionl^^ 

A look at the composition of the semiconductor market segments reveals that 
logic, memory, and micro devices are the largest segments. The IC Insights 
glossary cited earlier and the Semiconductor Glossary provide the following 
definitions for the semiconductor market segments shown in the figured 

• Discrete — class of electronic components that includes power transis- 
tors and rectifiers, each of which contains one active element. In contrast, 
ICs typically contain hundreds, thousands, or millions of active elements 
in a single die. 

• Optoelectronics — ^A device that is responsive to or that emits or modi- 
fies light waves; for example, LEDs, optical couplers, laser diodes, and 
photo detectors. 

• Sensors — ^A component that provides an electrical signal in response to a 
specific physical or chemical stimulus, such as heat, pressure, magnetic 
field, or a particular chemical vapor. 

• Analog — Integrated circuit realizing analog functions; in analog systems, 
output signal follows continuously input signal. 

• Micro — Integrated circuits that are microcomputer related. This category 
contains three subcategories, that is, microprocessor (MPU), microcon- 
troller (MCU), and digital signal processor (DSP). 
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o Microprocessor — (1) A central processing unit (CPU) fabricated on 
one or more chips, containing the basic arithmetic, logic, and con- 
trol elements of a computer that are required for processing data; 
or (2) an IC that accepts coded instruction, executes the instructions 
received, and delivers signals that describe its internal status. The 
instructions may be entered or stored internally. 

o Microcontroller — single-chip microcomputer with onboard pro- 
gram ROM and I/O that can be programmed for various control 
functions. 

o Digital Signal Processor — Digital circuits used to enhance, analyze, 
filter, modulate, or otherwise manipulate standard real-world (i.e., ana- 
log) functions, such as images, sounds, radar pulses, and other such 
signals in real-time. 

• Logic — Integrated circuit performing switching functions; implements 
logic functions, such as AND, OR, and NOT. Also includes Application 
Specific Integrated Circuits and Field Programmable Gate Arrays. 

• Memory — Integrated circuit consisting of memory cells and usually 
including associated circuits such as those for address selection and 
amplification. A class of integrated circuits that store digital informa- 
tion, for example, ROM, EPROM, EEPROM, Flash memory, DRAM, 
and SRAM. 

The industry trade press is also a good source of market information. For ex- 
ample, in Figure B.9, EE Times India reports the change in semiconductor 
revenue by end-use from 1995 to 2009. As the figure’s title indicates, the 
only major change in the total available market (TAM) is the incorporation 
of handheld wireless. The market sectors and percentages have remained rela- 
tively steady, which reflects a mature industry. Remember, during this step 
of building understanding, we are not trying to analyze the semiconductor 
market and what the above market allocations portend for the industry. It 
is enough that we understand what major product areas are the buyers of 
semiconductors. 
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Handheld Wireless is the Only Major Change 
in the Makeup of the Semiconductor Macro TAM 
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Figure B.9: Semiconductor Total Available Market (TAM) (© Semico 
Research) 

Now that we have looked at the market for semiconductors (power of the 
buyer), it is also important to understand who are the major producers of 
semiconductors (intensity of competition). Figure B. 10, reported in EE Times 
Asia, shows the top semiconductor vendors ranked by revenue estimates for 
2009. These companies will become familiar as information is collected. It is 
readily apparent that Intel is by far the leading semiconductor producer, with 
Samsung a distant second, and the remaining companies trailing behind it. 



Top 10 Semiconductor Vendors by Revenue Estimates, 2009 
(Millions of U.S. Dollars) 


2009 

Rank 


2008 

Rank 


Vendor 


2008 

Revenue 


2009 

Revenue 


2008-2009 
Growth (%) 


2009 
Market 
Share (%) 


1 


1 


Intel 


34,814 


33,253 


-4.5 


14.6 


2 


2 


Samsung Electronics 


17,391 


17,686 


1.7 


7.7 


3 


3 


Toshiba 


10,601 


9,604 


-9.4 


4.2 


4 


4 


Texas Instruments 


10,593 


9,142 


-13.7 


4.0 


5 


5 


STMicroelectronics 


10,270 


8,510 


-17.1 


3.7 







$226.3 Billion 




SatKr IKTWniiicD*f*MM 
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Top 10 Semiconductor Vendors by Revenue Estimates, 2009 
(Millions of U.S. Dollars) continued 


2009 

Rank 


2008 

Rank 


Vendor 


2008 

Revenue 


2009 

Revenue 


2008-2009 
Growth (%) 


2009 
Market 
Share (%) 


6 


8 


Qualcomm 


6,477 


6,409 


-1.0 


2.8 


7 


9 


Hynix Semiconductor 


6,010 


6,035 


0.4 


2.6 


8 


7 


Renesas Technology 


7,081 


5,670 


-19.9 


2.5 


9 


11 


Advanced Micro 
Devices 


5,298 


5,157 


-2.7 


2.3 


10 


6 


Infineon Technologies 
(inch Qimonda) 


8,224 


4,682 


-43.1 


2.1 






Others 


138,375 


122,223 


-11.7 


53.5 






Total Market 


255,134 


228,371 


-10.5 


100.0 



Source: Gartner (March 2010) 

Figure B.IO: Top 10 Semiconductor Vendors, 2009 (© Gartner, Inc.)^^^ 



Figure B. 11 shows the top ten semiconductor companies projected by 2010 
capital investment; the inclusion of the major product line for each company 
is also useful. For example, Intel is listed as having the largest revenue of 
semiconductor companies in 2009, and its major product area is listed as 
MPU, or microprocessor unit. The microprocessor is the main component in 
the computers that now come in so many forms and sizes. The large revenue 
numbers reported by Intel are also consistent with the computer sector of 
the semiconductor market being the largest of the various sectors. Samsung 
reported the second-largest revenues, and its major product area is memory. 
While memory is important to the computer sector, memory applications are 
also present in the consumer, communications, and automotive sectors. There 
is also a major product category, foundry, which appears on the list. Referring 
to the value-chain examples in Chapter 2, a foundry is a firm that does not 
design and produce its own line of semiconductors. The foundry receives the 
design information and masks from a customer and fabricates the individual 
die. In some cases, they do not even separate the die from the wafer, and the 
customer will either complete the packaging of the die or outsource the task 
to another vendor. The value chain helps to visualize what activities are being 
discussed in the trade press. 
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Top 10 Semiconductor Industry Capital Spenders* 


2010 

Rank 


Company 


2007 

($M) 


07/06 % 
Change 


2008 

($M) 


08/07 % 
Change 


2009 

($M) 


09/08 % 
Change 


2010F 

($M) 


10/09 % 
Change 


Major 

Product 


1 


Samsung 


7,964 


16% 


6,750 


-15% 


3,518 


-48% 


5,000 


42% 


Memory 


2 


Intel 


5,000 


-13% 


5,197 


4% 


4,515 


-13% 


4,900 


9% 


MPU 


3 


TSMC 


2,557 


6% 


1,877 


-27% 


2,687 


43% 


4,800 


79% 


Foundry 


4 


Toshiba 


3,595 


18% 


2,210 


-39% 


950 


-57% 


1,950 


105% 


Memory 


5 


AMD/ 

GlobalFoundries** 


1,683 


-9% 


621 


-63% 


466 


-25% 


1,900 


308% 


MPU/ 

Foundry 


6 


Hynix 


5,145 


8% 


2,900 


-44% 


855 


-71% 


1,840 


115% 


Memory 


7 


Micron 


3,700 


23% 


2,300 


-38% 


800 


-65% 


1,715 


114% 


Memory 


8 


Nanya 


2,098 


131% 


695 


-67% 


640 


-8% 


1,415 


121% 


Memory 


9 


UMC 


850 


-15% 


349 


-59% 


551 


58% 


1,350 


145% 


Foundry 


10 


Elpida 


2,111 


59% 


890 


-58% 


535 


-40% 


1,000 


87% 


Memory 




Total 


34,703 


12% 


23,789 


-31% 


15,517 


-35% 


25,870 


67% 





‘Includes company’s share of joint-venture spending ‘‘Includes Chartered in 2010 

Source: 1C Insights, Company Reports 



Figure B.ll: Top 10 Semiconductor Industry Capital Spenders 
(© IC Insights, Company Reports) 

Understanding the size and scope of the market makes it apparent that the 
semiconductor industry, although mature, is still experiencing growth. It 
may seem counterintuitive that a mature industry continues to spend large 
amounts on research and development, but that is because, while the semi- 
conductor process steps are easy to understand, the actual achievement of 
producing the design is intellectually and capitally intensive. To bring it up to 
a strategic level, it is also important to note where the leading companies are 
headquartered and where they are producing their product. This will become 
apparent as collection begins and will be important in our analysis task. For 
now, having a list of the key competitors will be useful in the collection and 
analysis of industry information. 

This appendix provides a basic background in the industry we want to ana- 
lyze. At this point, we have a general overview of semiconductors and the pro- 
cessing of semiconductors into integrated circuits, and insight into the size 
and composition of the semiconductor market. A test of our understanding 
is to construct a value chain for the industry If you have already found one 
for the industry use it as a contextual template for the collection and analysis 
of industry information. 
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Appendix C 

Data Sources Specific to Semiconductor Industry 

Books 

Since getting the latest data is a primary consideration, it is important to 
search for recent books on the industry. For example, at the start of research 
for this study, a 2009 book by Claire Brown and Greg Linden, Chips and 
Change, turned out to be an excellent data source for understanding the ori- 
gin, development, and future of the semiconductor industry. The book 
even provides a value chain for the semiconductor industry. A 2008 book on 
China’s high-technology industry, China’s Science and Technology Sector and 
the Forces of Globalization, provides an interesting perspective on the pros- 
pects and problems for development of China’s semiconductor industry. 

Reports 

The National Academy of Sciences, a nonprofit institution, has a searchable 
website of its publications, and many are free to download. While the 
publication dates of National Academy reports are unpredictable, you can 
request e-mail notifications when topics of interest are available. The fed- 
eral government, particularly within the Department of Commerce, provides 
a regular stream of trade and industry statistics, but occasionally they will 
also produce reports on global trade topics that are of interest. For example, 
the Bureau of Industry and Security provides current news reports regarding 
trade issues, and its Defense Industrial Base Programs link provides a list of 
Defense Industrial Capability and Technology Assessments regarding foreign 
industrial development that may be of interest. 

Trade Associations 

The major semiconductor trade association websites provide news and docu- 
ments, although the frequency of their updates and data available are irregu- 
lar. The major semiconductor industry trade associations are 

• Semiconductor Industry Association (SIA): www.sia-online.org. 

They provide an updated factsheet with basic statistics on the worldwide 
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semiconductor market and also provide issue papers regarding global 
competition. 

• Taiwan Semiconductor Industry Association (TSIA); 

WWW. tsia. org. tw/Eng. 

• Japan Electronics and Information Technology Industries Association 
(JEITA) : www.jeita. or.jp/english. 

• Korea Semiconductor Industry Association (KSIA); www.ksia.or.kr/ 
eng/main. 

• China Semiconductor Industry Association (CSIA); www.csia.net.cn. 
(Note: website’s language is not translated into English.) 

• Singapore Semiconductor Industry Association (SSIA): http://www. 
ssia.org.sg. 

• Electronic Design Automation Consortium (EDAC): www.edac.org. 

• Semiconductor Equipment and Materials International (SEMI): www. 
semi.org. SEMI is an international trade association that represents the 
suppliers to the semiconductor industry. It also includes suppliers to the 
display and photovoltaic (solar-cell) industries. The SEMI trade shows are 
held around the world, with each providing insight into the host 
country’s semiconductor industry. The SEMI international standards 
forum invites members to collaborate on developing standards. 
The SEMI industry statistics group presents industry forecasts and invites 
other organizations to also share their forecasts at SEMI events. 

Trade Journals 

The most useful sources of current information on the semiconductor indus- 
try are the industry trade journals. Trade journals are much better sources 
than government policy announcements and the occasional analytical ar- 
ticles in metropolitan newspapers and business magazines, because many of 
those stories are not much more than news releases from the subject com- 
pany. The industry trade journals, on the other hand, are reflective of the 
global evolution of this industry, and not only carry articles of interest to the 
technical community, they also provide analysis and forecasts on industry-wide 
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issues. The semiconductor trade press is not immune to industry competition, 
though. For example, during this book’s preparation, the parent company for 
the trade journal Semiconductor International ceased operations and removed 
its content from the Internet. The reality of publishing these days makes it 
important to capture hardcopies of source articles in order to document the 
sources of analysis. In the semiconductor industry, most of the trade journals 
are available as Web subscriptions, some without charge, while others charge a 
small fee for subscribing or downloading full text articles: 

• EE Times Asia-, www.eetasia.com. 

• EE Times India: www.eetindia.co.in. 

• Electronic Design News: www.edn.com. 

o Electronic Business — separate subscription available from EDN. 
o ElectronicNewsToday — separate subscription available from EDN. 

• ElectroIQ — portal for electronics manufacturing: http-.Hwwwl O.giscafe. 

CO m! n bclarticlesi ll737191l%3Cem %3Ewww. ElectroIQ. com%3Clem %3E. 

o Solid State Technology — digital edition available from ElectroIQ. 

• SEMI Newsletters: www.semi.org. 
o SEMI Global Update 

o Semiconductor Manufacturing Newsletter (simplified Chinese) 

• DigiTimes, www.digitimes.com — provides news summaries free of charge, 
but to access full articles requires a subscription. 

Other Internet Sources 

This category concerns the Internet and its ever-evolving platforms and con- 
tent. The website YouTube {www.youtube.corn), although pedestrian to aficio- 
nados of social media, still provides good sources of information. Using search 
terms gained from your study of the industry can yield video clips from news 
organizations, trade associations, and even companies within the industry. 
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Blogs and Twitter 

The blogs by industry analysts, enthusiasts, or employees are embedded or 
linked into many of the industry trade journals, and can be a good source of 
information. The EDA Consortium website has a publications page {www. 
edac.org/news _publications.jsp) that provides a list of links to trade journals, 
but also provides links to news and blog sites, such as EDACafe {http:// 
www.edacafe.coni), or individual bloggers, such as EDA Confidential {www. 
aycinena.com) . 

The use of Twitter by the trade journal Semiconductor International is note- 
worthy, but it only Tweeted links to its journal content. This trial experiment 
went offline with the demise of that trade journal. 

Webcasts and Virtual Conferences 

The increasing use of webcasts and virtual conferences provide good real-time 
sources. Subscriptions to the industry trade journals will lead to announce- 
ments of these events. These events offer another avenue for the industry to 
share information and develop market opportunities. The presenter slides are 
usually available for download prior to the presentation, or the site allows 
archival access. Figure C. 1 shows a recent EE Times virtual conference portal 
that provides all the trappings of a conference with spaces for the auditorium, 
exhibition, and business meetings. 
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Figure C.l: Virtual Conference Portal (© UBM Electronics) 

Referencing Figure C.l, in a six-hour conference, the listeners can choose the 
sessions they want and even interact with the presenter via the portal inter- 
face. A visit to the exhibit hall provides a view of kiosks for each company ex- 
hibiting. Entering the kiosks, the visitor sees a list of company content, such 
as product presentations and white papers. The virtual conference remains as 
an archive on the EE Times website, but, as with other Internet sources, it is 
advisable to download the information before it disappears. 

Trade Shows 

Trade shows are the best alternative to actually visiting semiconductor com- 
panies in other countries. Tradeshows will offer sessions in a variety of areas, 
and it pays to read the program beforehand to ensure it is not devoted to a 
sub-industry topic or technical interchange. Also, unless you are multilin- 
gual, make sure the session is in English or that simultaneous translation 
is available. Be sure also to take the time to walk through the exhibit halls 
and gather literature of interest. One caution is that most corporate booths 
will require a business card or the signing of a register before they will give 
out literature. The purpose of the exhibit hall is to generate business leads 
for the companies, so bring appropriate identification if you want to collect 
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information. As a final note, in the absence of attending the trade show, the 
trade press usually reports from the show and provides their perspective via 
the Internet. By way of an example of what is available, the SEMI tradeshows 
are scheduled a year in advance and occur in a different country each quarter. 
The SEMI tradeshows provide market forecast presentations, and also offer 
a copy of the proceedings. The shows provide an outsider’s perspective of 
semiconductor companies (SEMI represents the suppliers to the industry), as 
well as insight into the future outlook for the industry. 
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